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1983  SARKO  Establishment  of  Five  Settling  Ponds 

Groundwater  Monitoring  Wells 


Tabue  1-1 

Summary  of  Previous  Field  Investigations 


1985  Warzyn  Subsurface  Investigation  Settling  Ponds  2  wells  consisting  of  a  nested  well 

_  at  BAAP  pair  (S-85-1152A,B)’ 


Table  1-1 

Summary  of  Previous  Field  (nvestigations 
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Table  2-1 

Location  and  Current  Use  of  BAAP  Production  Wells 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


WELL 

Location 

Use 

PW-1 

Approximately  600  feet  southeast  of 
administration  building  200. 

Potable  water  supply  at  BAAP;  tested  quarterly 
per  WDNR  regulations:  screened  in  bedrock 

PW-2 

Approximately  100  feet  north  of  New  Acid  Area. 

Process  water  source  for  BAAP;  no  current 
testing;  screened  in  bedrock. 

PW-3 

Approximately  1 ,000  feet  north  of  Old  Acid  Area. 

Currently  out  of  service;  used  for  water  levels  by 
USGS;  screened  in  bedrock. 

1 

PW-4 

Approximately  1 ,200  feet  northwest  of  the 
Deterrent  Burning  Ground  and  approximately 

1 ,600  feet  southeast  of  the  Oleum  Pond. 

Backup  to  PW-2  for  process  water;  screened  in 
sand  and  gravel. 

PW-5 

Approximately  4C0  feet  west  of  the  Propellant 
Burning  Ground. 

Not  currently  used,  but  still  functional;  screened 
in  bedrock. 

1 

I 


I 


I 


I 


W0039213.T2/1 


I 


Table  2-2 

Summary  of  Borings/Monitoring  Wells  Installed  - 
Background  Areas 
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TABtE  2-3 

Background  Metals  Concentrations  in  Surface  Soil 
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Table  2-3 

Background  Metals  Concentrations  in  Surface  Soil 


o 

a 

c 

'S 

3 

U 

• 

■ 


S 

S. 


5 


<o  ^ 
S  ? 
in  5 

l| 
e  I 

5  5 

c  o.* 
c  c  * 

=  05 
§.■8  2 
•>  5  c 
i  =  • 

S  o  o 

Q.  o  g 

S  E  9 

E  fa 

5  *•» 

I  is 

o-io  • 

•  « t5 
o*  S  S 
o 

=>=  § 
£  c  a 

•  °  = 


^  8 

If 

a»  c 

S 

c  g 

o  c 

8  • 

15 

8  S 


5  6 
E  s 


it 

.  ^  c 

*00 
X  c  ^ 
^  o 
C  <0  0 

S-f  I 

til 


c  a 

si 

8  • 

C  5  ' 

•  il  ' 

=  1 
o  9-. 

o  g 

3;  s  1 


I 

o 


C*>  ^  lO  «> 


T«tlE  2-4 
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Table  2*5 

TCLP  Metals  Data  Summary  for  Subsurface  Soil  • 
Background  Borings 

Remeouu.  Investigation 
Badger  Army  Ammunition  Plant 


TCLP  Ueachate  Concentration  (nO/I) 

Sample  Location 

Depth 

CO 

CR 

PB 

HG 

Notes 

TCLPRL' 

1,000 

5,000 

5,000 

200 

Minium  Reporting  Value 

6.8 

16.8 

43.4 

0.1 

BGM-91-01 

22 

LT 

LT 

LT 

0.1 

TCLP  RL  not  exceeded 

BGM-91-01 

42 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

BGM-91-01 

62 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

BGM-91-02 

22 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

BGM-91-02 

42 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

BGM-91-02 

62 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

BGM-91-03 

22 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

BGM-91-03 

42 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

BGM-91-03 

62 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

No«u: 

'  TCLP  Ragtilatory  |j*v*l  (RLs)  axist  for  the  fallowing  metals:  AS.  BA,  CD,  CR,  SE,  PB,  HG.  and  AG.  However,  samples  were  only  analyzed  for 

CO,  CR,  PB,  and  HG.  (See  List  of  USATHAMA  Chemical  Codes  tor  definitions  of  chemical  abbreviations). 

’  LT  •  Less  than  the  Certified  Reporting  Limit;  corrected  for  percent  moisture,  dilution,  and  percem  recovery. 

’  Sample  locations  shown  on  Rgure  2-S. 
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Notes  and  flagging  codes  are  presented  at  the  end  of  this  table. 
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TABLE  2-7 

BACKGROUND  SEDIMENT  CONCENTRATIONS  -  REGIONAL 


USA022.wkl 


continued 


Table  2-« 

Background  Sediment  Concentrations  •  Control  Pond 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


(1)  Source:  Ayres,  1984 

(2)  All  results  are  dry  weight  basis  and  are  listed  in  pg/g. 
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FIGURE  2-5 

LOCATION  OF  BAAP  PRODUCTION  WELLS 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 

- ABB  Environmental  Servicej,  Inc. — ! 
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FIGURE  2-8 

BACKGROUND  SURFACE  SOIL,  SUBSURFACE 
SOIL,  AND  MONITORING  WELL  LOCATIONS 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 

- ABB  Environmental  Services.  Inc.- 
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FIGURE  2-9 
LAND  USE  CLASSIFICATION 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
- ASB  Environmental  Services,  Inc.- 


Table  3-i 

C^CKLisT  OF  SWMU  Environmental  Setting  and  Features 

Remedial  Investigation 
Badger  Army  Aimmunition  Plant 


SWMU 

Wetlands 

Surface 

Water 

Surface 

IMPOUNOWKNT 

Landfill 

Aboveground 
Storage  Tank 

Propellant  Burning 

Ground 

X 

X  (propane' 

Deterrent  Burning 

Ground 

X 

Existing  Landfill 

X 

Settling  Ponds  and 

Spoils  Disposal  Area 

X 

X 

X 

X 

Ballistics  Pono 

X 

X 

Oleum  Plant  and  Pond 

X 

X 

Nitroglycerin.^  Pond 

X 

X 

Rocket  Paste  Area 

X 

X 

Old  Acid  Area 

X  (acids) 

New  Acid  Area 

X 

X  (acids) 

Old  Fuel  Oil  Tank 

X  (fuel) 

Note; 

The  landfill  at  the  i=ropellant  Suming  Ground  is  known  as  Landfill  1,  and  is  considered  a  separate  SWMU. 
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Table  3-2 

Potential  Location-specific 
Applicable  or  Relevant  and  Appropriate  Requirements 


Remedial  Investigation 
Badger  Army  Ammunition  Plant 


She 

POTENTML  ARARS/CiTATION 

Propellant 

Burning  Ground 

LANDFILL 

Resource  Conservation  and  Recovery  Act  (RCRA),  Subpart  N,  Landfills;  (40  CFR  Section 

264.300) 

WDNR,  Solid  Waste  Management  Regulations  (WAC,  Chapters  504-516) 

WDNR,  Hazardous  Waste  Landfill  Standards  (WAC.  Chapter  660) 

AIR 

Oean  Air  Act  (CAA),  Prevention  of  Significant  Deterioration  (PSD)  Requirements;  (40  CFR 

Part  52.21) 

Deterrent  Burning 
Ground 

LANDFILL 

RCRA.  Subpart  N,  Landfills;  (40  CFR  Section  264.300) 

WDNR.  Solid  Waste  Management  Regdations  (WAC.  Chapters  504-516) 

WDNR.  Hazardous  Waste  Landfill  Standards  (WAC.  Chapter  660) 

AIR 

Qean  Air  Act  (CAA),  Prevention  of  Significant  Deterioration  (PSD)  Requirements;  (40  CFR, 

Part  52.21) 

Existing  LandtitI 

1 

1 

1 

LANDFILL 

RCRA.  Subpart  N,  Landfills;  (40  CFR  Section  264.300) 

WDNR,  Solid  Waste  Management  Regulations  (WAC,  Chapters  504-516) 

WDNR,  Hazardous  Waste  Landfill  Standards  (WAC,  Chapter  660) 

AIR 

Clean  Air  Act  (CAA),  Prevention  of  Significant  Deterioration  (PSD)  Requirements;  (40  CFR, 

Part  52.21) 

/V003S213.r3/2 
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TAMJE  3-2 

POTCNTUU.  L0CATK)N-SI>ECIFIC 
Applicable  or  Relevaht  ano  Appropriate  Requirements 

Remedial  Investication 
Badger  Army  Ammunition  Plant 


Site 

Ballistics  Pond 


WETLANDS 


Potential  ARARs/Citation 


Clean  Water  Act,  Dredge  or  Fill  Requirements;  (Section  404),  40  CFR  230 

U.S.  Army  Corps  of  Engineers  Permit  Program  Regulations;  (33  CFR  Parts  320-330) 


Fish  and  WNdlife  Coordination  Act;  (40  CFR  302(g)) 

NEPA  -  Protection  of  Wetlands  Exec.  Order  No.  1 1990;  (40  CFR  Part  6) 

WDNR,  Water  Quality  Standards  for  Wetlands  (WAC,  Chapter  NR  103) 

WDNR,  City  and  Village  ShorelarKi-Wettand  Protection  Program  (WAC,  Chapter  NR  117) 
WDNR,  Hazardous  Waste  Storage,  Tr^tment,  and  Disposal  Facility  Standards  (WAC,  NR  630) 


SURFACE  WATER 


» 


» 


B 


i 


WDNR,  Water  Quality  Standards  for  Wisconsin  Waters  (WAC,  Chapter  NR  102) 

WDNR,  Water  Quality  Standards  for  Wisconsin  Waters;  Uses  and  Designated  Standards  (WAC. 

Chapter  NR  104)  B 

WDNR,  Shoreline  Management  Program  (WAC,  Chapter  115) 

WDNR,  Wisconsin  Statutes  Annotated,  Chapter  30,  Dredge  and  Fill  Requirements 

City  of  Baraboo  Roodplain  Zoning  Code  (Subchapter  II)  I 


AIR 

Clean  Air  Act  (CAA),  Prevention  of  Significarit  Deterioration  (PSD)  Requirements:  (40  CFR, 

Part  52.21) 

-  j 


B 


B 
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Tabu  3-2 

POTEKTIAL  tjOCATIO»»-SPECIFIC 

Appucabu  or  Reuvant  and  Appropriate  Requirements 


Oleum  Plant  and 
Pond 


REMEOUU.  INVESTIGATKM  ^ 

Badger  Army  Ammunition  Plant 


POrTENTIAL  ARARS/CiTATION 


WETLANDS 


Clean  Water  Act  (CWA),  Dredge  or  FiH  Requirements;  (Section  404),  40  CFR  230 
U.S.  Army  Corps  of  Engineers  Permit  Program  Regulations;  (33  CFR  Parts  320-330) 

Fish  arxJ  Wildlife  Coordination  Act;  (40  CFR  302(g)) 

NEPA  -  Protection  of  Wetlands  Executive  Order  Number  11990;  (40  CFR  Part  6) 

WDNR,  Water  Quality  Standards  for  Wetlands  (WAC,  Chapter  NR  103) 

WDNR,  City  and  Village  Shoreland-Wetland  Protection  Program  (WAC,  Chapter  NR  117) 
WDNR,  Hazardous  Waste  Storage,  Treatment,  and  Disposal  Facility  Standards  (WAC,  NR  630) 


SURFACE  WATER 


WDNR,  Water  Quality  Standards  for  Wisconsin  Waters  (WAC,  Chapter  NR  102) 

WDNR,  Water  Quality  Standards  for  Wisconsin  Waters;  Uses  and  Designated  Standards  (WAC. 
Chapter  NR  104) 

WDNR.  Shoreline  Management  Program  (WAC,  Chapter  115) 

WDNR,  Wisconsin  Statutes  Annotated,  Chapter  30,  Dredge  and  Fill  Requirements 
City  of  Baraboo  Roodplain  Zoning  Code  (Subchapter  II) 


Qean  Air  Act  (CAA),  Prevention  of  Significant  Deterioration  (PSD)  Requirements;  (40  CFR, 
Part  52.21) 


WD039213.T3/5 


contntMd 


Table  3-2 

POTEMTIAL  LOCATION-SPECinC 
Appucable  or  fteiEVAirr  and  Appropriate  Requirements 

Remedul  Investigation 
Badger  Army  Ammunthon  Plant 


_ Site _ _ PofTENTUL  ARARs/Citation _ 

WETLANDS 

Nttroglycerine 

Pond  Clean  Water  Act.  Dredge  or  Fill  Requirements;  (Section  404),  40  CFR  230 

U.S.  Army  Corps  of  Engineers  Permit  Program  Regulations:  (33  CFR  Parts  320-330) 

Fish  and  Wildlife  Coordination  Act;  (40  CFR  302(g)) 

NEPA  -  Protection  of  Wetlands  Exec.  Order  No.  11990;  (40  CFR  Part  6) 

WDNR,  Water  Quality  Starxlards  for  Wetlands  (WAC,  Chapter  NR  103) 

WDNR,  City  and  Village  Shoreiand-Wetland  Protection  Program  (WAC,  Chapter  NR  117) 

WDNR.  Hazardous  Waste  Storage.  Treatment,  and  Disposal  Facility  Standards  (WAC,  NR  630) 

SURFACE  WATER 

WDNR,  Water  Quality  Standards  for  Wisconsin  Waters  (WAC,  Chapter  NR  102) 

WDNR,  Water  Quality  Standards  for  Wisconsin  Waters;  Uses  and  Designated  Standards  (WAC. 
Chapter  NR  104) 

WDNR,  Shoreline  Management  Program  (WAC,  Chapter  115) 

WDNR,  Wisconsin  Statutes  Annotated,  Chapter  30,  Dredge  and  Fill  Requirements 
City  of  Baraboo  Roodplain  Zoning  Code  (Subchapter  II) 

AIR 

Qean  Air  Act  (CAA),  Prevention  of  Significant  Deterioration  (PSD)  Requirements;  (40  CFR, 

Part  52.21) 
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Table  3-2 

POTEKTIAL  LOCATU3M-SPECIFIC 

Applicable  or  Relevant  and  Appropriate  Requirements 

Remedial  Investigatipn 
Badger  Army  Ammunition  Plant 


_ Stte _ Potential  ARARs/Citatton _ 

Rocket  Paste  WETLANDS 

Area 

Clean  Water  Act,  Dredge  or  Fill  Requirements;  (Section  404),  40  CFR  230 

U.S.  Army  Corps  of  Engineers  Permit  Program  Regidations;  (33  CFR  Parts  320-330) 

Fish  and  Wildlife  Coordination  Act;  (40  CFR  302(g)) 

NEPA  -  Protection  of  Wetlands  Exec.  Order  No.  1 1990;  (40  CFR  Part  6) 

WDNR,  Water  Quality  Standards  for  Wetlands  (WAC,  Chapter  NR  103) 

WDNR,  City  and  Village  Shorelarxl-Wetland  Protection  Program  (WAC,  Chapter  NR  117) 
WDNR,  Hazardous  Waste  Storage,  Treatment,  and  Disposal  Facility  Standards  (WAC,  NR  630.i 


WDNR,  Water  Quality  Standards  for  Wisconsin  Waters  (WAC,  Chapter  NR  102) 

WDNR,  Water  Quality  Standards  for  Wisconsin  Waters;  Uses  and  Designated  Standards  (VJAC 
Chapter  NR  104) 


WDNR,  Shoreline  Management  Program  (WAC,  Chapter  115) 

WDNR,  Wisconsin  Statutes  Annotated,  Chapter  30,  Dredge  and  Fill  Requirements 
City  of  Baraboo  Roodplain  Zoning  Code  (Subchapter  II) 
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Table  3-2 

POTENTUU.  LiOCATION-SPEaFIC 

Applicable  or  Relevant  ano  Appropriate  Requirements 

Remedial  Investigation 
Badger  Army  Aabmunition  Plant 


SriE  _  Potential  ARARs/Citation 

New  Acid  Are* 

SURFACE  IMPOUNDMENT 

RCRA,  Subpart  K,  Surface  Impoundments;  (40  CFR  264.22U) 

\NONR,  Solid  Waste  Management  Regidations  (WAC,  Chapters  504-516) 

AIR 

Qean  Air  Act  (CAA),  Prevention  of  Significant  Deterioration  (PSD)  Requirements;  (40  CFR, 

Part  52.21) 

Old  Fuel  Oil  Tank 

ABOVEGROUND  STORAGE  TANKS 

CWA  -  Oil  Pollution  Prevention  (40  CFR  Part  112) 

AIR 

Clean  Air  Act  (CAA),  Prevention  of  Significant  Deterioration  (PSD)  Requirements;  (40  CFR, 

1  Part  52.21) 

VVD039213.T3/8 
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Table  3-3 

Potential  CHEMiCAL-SPEcif  ic 

AmJCABLE  OR  REUVANT  AND  APEMPRIATE  REQUIREMENTS 

Remedial  Investigation 
Badger  Army  Ammunition  plant 


» 


_ Site  Medu _ Reqoirement/Citation _ 

GROUNDWATER 

Federal  Regulatory  Safe  Water  Drinking  Act  (SDWA),  Maximum  Contaminant  Level  Goals  (MCLGs):  (40 

Requirements  CFR  Part  141) 

SDWA,  National  Primary  Drinking  Water  Standards.  Maximum  Contaminant  Levels 
(MCLs):  (40  CFR  Part  141) 

RCRA,  Releases  from  Solid  Waste  Management  Units.  Groundwater  Protection 
_ Standards.  (40  CFR  Part  264.90-264.101,  Subpart  F) _ 

State  Regulatory  Requirements  WDNR,  Environmental  Protection  (WAC,  Chapter  NR  100) 

WDNR,  Water  Quality  Standards  for  Wisconsin  Waters  (WAC.  Chanter  102.14) 

WDNR,  Water  Quality  Criteria  for  Toxic  Substances  (WAC,  Chapter  105) 

WDNR,  Procedures  for  Calculating  Water-quality-based  Effluent  Limitations  tor  T oxic 
and  Organoleptic  Substances  Discharged  to  Surface  Water  (WAC,  Chapter  NR  106) 

WDNR,  Groundwater  Quality  Standards  (WAC,  Chapter  140) 

WDNR.  Pollutant  Discharge  Elimination  System  Standards  for  Uncategorized  Point 
Sources  (WAC.  Chapter  220.20) 

WDNR,  Groundwater  Standards  for  hazardous  Waste;  Groundwater  and  Leachate 
_ Monitoring  Standards  and  Corrective  Action  Requirements  (WAC,  Chapter  635) 

Federal  Criteria,  Advisories,  and  Gean  Water  Act  (CWA),  Ambient  Water  Quality  Criteria  (AWQC);  (40  CFR  Part  tat 
Guidance  Quality  Criteria  for  Water,  1986) 

SDWA,  National  Secondary  Drinking  Water  Standards  (SMCLs);  (40  CFR  Part  143) 

EPA  Reference  Doses  (RfOs) 

EPA  Reference  Concentrations  (RfCs) 

EPA  Human  Health  Assessment  Cancer  Stooe  Factors  fCSFs) 

EPA  OfTice  of  Drinking  Water,  Health  Advisones 

EPA  Health  Assessment  Documents,  Acceptable  Intake  -  Chronic  (AlC)  and 
Subchronic  (AIS) 

EPA,  Office  of  Water  Guidance.  Water -Related  Fate  of  129  Priority  Pollutants  (1979) 


» 


I 


» 


» 


I 


I 
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Table  3-3 

Potential  Chemical-Specific 
Applicable  or  Relevant  and  Appropriate  Requirements 

Remedial  Inves^ioation 
Badger  AAmv  Ammunition  Plant 


T 


Site  Media  Requirement/Citation 


SURFACE  WATER 

Federal  Reguiatory 

Requirements 

CWA.  National  Pollutant  Discharge  Elimination  System  (NPDES);  (40  CFR  Part  122. 
125) 

CWA.  Ambient  Water  Quality  Criteria  (AWOC);  (40  CFR  Part  131  Quality  Criteria  for 
Water.  1986) 

State  Regulatory  Requirements 

WDNR,  Water  Quality  Standards  for  Wisconsin  Waters  (WAC,  Chapter  102.14) 

WDNR,  Water  Quality  Criteria  for  Toxic  Substances  (WAC.  Chapter  105) 

WDNR,  Procedures  for  Calculating  Water-quality-based  Effluent  Limitations  for  Toxic 
and  Organoleptic  Substances  Discharged  to  Surface  Water  (WAC,  Criapter  NR  1 C6) 

WDNR,  Pollutant  Discharge  Elimination  System  Standards  for  Uncategorized  Point 
Sources  (WAC.  Chapter  220  20) 

Discharge  to  Publicly  Owned 
Treatment  Works 

CWA,  National  Pretreatment  Standards;  (40  CFR  Part  403) 

Discharge  to  Publicly  Owned  Treatment  Works 

SOIL 

Interim  Guidance  on  Estat^ishing  Soil  Lead  Cleanup  Levels  at  Superfund  Sites; 
[OSWER  Directive  #9355.4-02) 

SEDIMENT 

No  chemical-specific  ARARs  identified  for  this  media. 

AIR 

Federal  Regulatory 

Requirements 

State  Regulatory  Requirements 

Clean  Air  Act  (CAA),  National  Ambient  Air  Quality  Standards  (NAAQS)  (40  CFR 

Part  50) 

CAA  -  National  Emission  Standards  for  Hazardous  Air  Pollutants  (NESHAPs)  (40 

CFR  61) 

CAA  -  Hazardous  Air  Pollutants  (HAPs)  (CAA.  Title  III) 

WNDR;  Wisconsin  General  and  Portable  Sources  Air  Pollution  Control  Rules; 

Ambient  Air  Quality  Standards  (WAC.  Chapter  NR  404) 

WNDR;  Wisconsin  Particulate  and  Sulfur  Emissions  Ruies;  Control  of  Particulate 
Emissions  (WAC,  Chapter  NR  415) 

WNDR;  Wisconsin  Qrganic  Compound  Emissions  Rules  (WAC,  Chapter  NR  419) 

WDNR;  Wisconsin  Hazardous  Air  Pollutants  Emissions  Standards  (WAC,  Chapter 

NR  44E) 

VA:0392ri  10 


Table  3-4 

Groundwater  Chemical  Specific  Standards  and  Guidance 


Remedial  Investigation 
Badger  Armv  Ammunitions  Plant 


Tabu  3-5 

PoTENTiAi.  Action-specific  Applicabu  or  Reuvant  and  Appropriate  Requirei 


/ 


lU 

cr 


8 

ffl 
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Potential  Action-specific  Applicable  or  Relevant  and  Appropriate  Requirements 
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Transportation  Hazardous  Materials  (49  CFR  labeling,  manifesting,  and  transportation  of  company  contracted  to  transport 

Parts  107,  T  71. 1-1 72.558)  hazardous  materials.  hazardous  wastes  from  the  site 
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PoTEKTiAL  Action-specific  Applicable  or  Relevant  and  Appropriate  Requir 
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WDNR,  Wisconsin  Carbon,  These  rules  establish  emission  rules  for  Potential  applicable  requirements  lor  otf- 

Lead,  and  Nitrogen  Emission  carbon,  lead,  and  nitrogen.  site  TSD  units.  Potential  Relevant  and 

Rules  (WAC,  Chapters  426-428)  appropriate  requirements  for  on  site  TSD 

units. 
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techniques.  _  _ 
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Table  4-i 

Exposure  Pathways  - 
Current  and  Future  Land  Use 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Potential  Exposed 
Population 

Exposure,  Route,  Medium 

AND  Exposure  Point 

Pathway  Selected 
FOR  Evaluation? 

Reason  for  Selection 

OR  Exclusion 

Grounds  Maintenance 
Workers 

Dermal  contact  with,  incidental 
ingestion  and  inhalation  of 
chemicals  in  surface  soil 

Yes  (current  and  future 
scenario) 

Potential  exists  for  workers 
to  be  exposed  to  chemicals 
in  surface  soil. 

Research  Workers 

Dermal  contact  with  and 
incidental  ingestion  of  chemicals 
in  surface  soil 

No 

On  site  infrequently  and  not 
expected  to  visit 
contaminated  areas. 

Hunters 

Dermal  contact  with  and 
incidental  ingestion  of  chemicals 
in  surface  soil 

No 

Magnitude  of  exposure  less 
than  that  of  grounds 
maintenance  worker. 

Ingestion  of  chemicals  in  deer 
meat 

No 

Tissue  analysis  of  deer 
meat  indicates  that  it  is  not 
contaminated. 

Farmer 

Dermal  contact  with,  incidental 
ingestion,  and  inhalation  of 
chemicals  i  surface  soil 

Yes  (future  scenario) 

Although  no  contaminated 
areas  are  currently  used  for 
crop  farming,  the  potential 
exists  for  some  areas  to  be 
farmed  in  the  future. 

Ingestion  of  chemicals  In  beef 

No 

No  cattle  are  currently 
grazed  on  contaminated 
soil.  Physical  character¬ 
istics  of  contaminated  areas 
make  them  unlikely  future 
pastures. 

Construction  Worker 

Dermal  contact  with,  incidental 
ingestion  of,  and  inhalation  of 
chemicals  in  surface  and 
subsurface  so8s 

Yes  (future  scenario) 

Potential  exists  for  future 
land  use  to  involve 
excavation  for  foundationo 
or  utQities. 

Residents 

Dermal  contact  with  and 
incidental  ingestion  of  chemicals 
in  surface  soB 

Yes  (future  scenario) 

Although  it  is  not  a  realistic 
future  use.  residential 
scenario  is  selected  to 
provide  a  conservative 
comparison  to  other 
scenarios. 
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TABUE  4-2 

Equations  Used  to  Estimate  Chemical  Intake 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Ingestion  of  Soil  or  Sediment 

.....  .  _ _ _  CS  X  IR  X  RAF  X  CF  X  F!  X  EF  X  ED 

MM. 

where: 

CS 

= 

chemical  concentration  in  soil  (mg/kg) 

IR 

= 

ingestion  rate  (mg  soil/day) 

RAF 

= 

relative  absorption  factor  (unitless)^ 

CF 

= 

conversion  factor  (I0'®kg/mg) 

FI 

= 

fraction  ingested  from  site 

EF 

= 

exposure  frequency  (days/year) 

ED 

= 

exposure  duration  (years) 

BW 

body  weight  (kg) 

AT 

averaging  time  -  period  over  which  exposure  is  averaged  (days)^ 

Dermal  Contact  with  Soil  or  Sediment 


Absorbed  Dose  (mglkg-da^ 


CSxAFxSAx  RAFx  CF  x  EF  x  ED 
BW  X  AT 


where: 

CS 

= 

chemical  concentration  in  soil  (mg/kg) 

AF 

= 

soil  to  skin  adherence  factor  (mg/cm^) 

SA 

= 

skin  surface  area  exposed  (cm^/event) 

RAF 

= 

relative  absorption  factor  (unitless)^ 

CF 

= 

conversion  factor  (10"®  kg/mg) 

EF 

= 

exposure  frequency  (days/year) 

ED 

= 

exposure  duration  (years) 

BW 

body  weight  (kg) 

AT 

averaging  time  -  period  over  which  exposure  is  averaged  (days) 

W0039213T.5/2 
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(continued) 

TABt£4-2 

Equations  Used  to  Estimate  Chemical  Intake 

Remedial  iNyEsnoATiON 
Badger  Army  AMMUNmoN  Plant 


Inhalation  of  Suspended  Particulates  or  Volatiles 


kaakB  (mgikg-da^ 


CA  X  RAFxIhR  x  ET  x  EF  x  ED 
BWxAT 


» 


where: 


CA 

s 

chemical  concentration  in  air  (mg/m^) 

IhR 

= 

inhalation  rate  (m^/hour) 

RAF 

relative  absorption  factor  (unitless)^ 

ET 

= 

exposure  time  (hours/events) 

» 

EF 

exposure  frequency  (days/year) 

ED 

= 

exposure  duration  (years) 

BW 

= 

body  weight  (kg) 

AT 

averaging  time  •  period  over  which  exposure  is  averaged  (days)^ 

Ingestion  of  Surface  Water 

» 

Intake  (mgikg-dai/i 


CWxRAFxCRxETxEFxED 

BWxAT 


where:  | 


CW 

chemical  concentration  in  water  (mg/I) 

CR 

= 

contact  rate  (L/hour) 

RAF 

= 

relative  absorption  factor  (unMess)^ 

ET 

exposure  time  (hours/event) 

EF 

exposure  frequency  (events/year) 

ED 

= 

exposure  duration  (years) 

BW 

body  weight  (kg) 

AT 

averaging  time  -  period  over  whk:h  exposure  is  averaged  (days)' 

WOO30213T.5/3 
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TAaLC4-2 

Equations  Usco  to  Estimate  Chemical  Intake 

fteMEDuu.  Investigation 
Badger  Army  Ammunition  Plant 


Dermal  Contact  wmt  Smwace  Water 


Absabed  Dose  (mg/kg-d^ 


CWxSAxPCxETxEFxEDxCF 

BWxAT 


where: 

CW 

SA 

PC 

ET 

EF 

ED 

CF 

BW 

AT 


chemical  concentration  in  water  (mg/f) 
skin  surface  area  (cm^/event) 

chemical  specific  dermal  permeablity  constant  (cm/hr)^ 

exposure  time  (hours/event) 

exposure  frequency  (events/year) 

exposure  duration  (years) 

conversion  factor  (1  liter/1000  cm^) 

body  weight  (kg) 

averaging  time  -  period  over  which  exposure  is  averaged  (days)^ 


NotM.- 

'  RAF  -  Ingestion  end  inhalation;  Assumed  to  be  100%. 

RAF  •  Dermal:  Little  data  exist  regarding  the  fraction  of  chemicals  in  soil  that  cross  the  skin.  In  the  absence  of  this  data,  the  dermal  pathway 
will  not  be  evaluated. 

’  AT:  The  averaging  time  is  the  pathway-specific  period  of  exposure  for  noncarcinogenic  effects  (e.g.,  AT  =  ED  x  365  days/year),  and  70  year 

lifetime  for  carcinogenic  effects  (i.*..  70  years  x  365  days/year). 

^  PC:  If  chemical-specific  PC  value  is  not  available,  the  permeability  of  water  (1.5x10'’)  is  used  as  a  default  value. 

Source:  USEPA,  1989b 
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Tabu  4-3 

Exposure  Parameters - 

OCCUPATtONAiyRECREATIOMAL  CONTACT  WITH  SOIL  AND  SEDIMENT 

Remedial  iNVEsnoA-noN 
Badger  Army  Ammunition  Plant 


Parameter 

llAMTENANCE 

Worker 

Construction 

WORKER 

Farmer 

Older 

Child 

(6-16) 

Units 

Source 

SoU  Ingastion  Rata 

OR) 

100 

460 

480 

100 

mg/day 

USEPA.  1991b 

Inhalation  Rata  (IhR) 

2.5 

2.5 

1.7 

NA 

m’/hr 

USEPA,  1990 

Soil  Adharanca 

Factor  (AF) 

1.0 

1.0 

1.0 

1.0 

mg/cm’ 

USEPA.  1992a 

Surface  Area 

Exposed  (SA)' 

2,100 

2,100 

2.100 

6.150 

cm’ 

USEPA.  1990 

Fraction  Ingested 
from  Site  (R) 

100% 

100% 

100% 

100% 

Assumption 

Exposure  Tima  (ET) 

8 

8 

1 

NA 

hours/day 

Assumption 

Exposure  Frequency 
(EF)’ 

24 

20 

24 

24 

days/yaar 

USEPA,  1991b/ 
Assumption 

Exposure  Duration 
<E0) 

25 

20  days 

30 

11 

yvars 

USEPA,  1991b/ 
Assumption 

Body  Weight  (BW) 

Averaging  Tima  (AT) 

70 

70 

70 

40 

kg 

USEPA.  1989b 

Cancer 

70 

70 

70 

70 

years 

USEPA,  1991b/ 

Noncancar 

25 

20  days 

30 

11 

years 

Assumption 

NotM: 

'  2,100  cm^  =  SOth  parcant'%  valu«  •  hands  and  foraarms 

6,150  cm^  =  SOth  parcantila  vahia  •  hands,  faat,  amis,  and  lags 
^  24  days  •  2  days/waak  for  12  waaks  (summar  saason) 

20  days  °  5  workdays/waak  for  4  waaks 
mg  =  milligram 

hr  =  hour 

cm’  a  squara  cantimatar 

kg  -  kilogram 

m’  >  squara  matar 

NA  <  not  applicabia 
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TABI£  4-4 

Exposure  Parameters - 
Future  Residential  Surface  Soil  Contact 


Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Parameter 

Child  1-6 

Adult  7-30 

Units 

Source 

Soa  Ingestion  Rate  (IR) 

200 

100 

mg/day 

USEPA.  1991b 

So8  Adherence  Factor  (AF) 

1.0 

1.0 

mg/cm^ 

USEPA,  1992a 

Surface  Area  Exposed  (SA)^ 

3.720 

2,100 

cm^ 

USEPA.  1990 

Fraction  Ingested  from  Site  (FI) 

100% 

100% 

Assumption 

Exposure  Frequency  (EF) 

350 

350 

days/year 

USEPA,  1991b 

Exposure  Duration  (ED) 

6 

24 

years 

USEPA,  1991b 

Bcxly  Weight  (BW) 

15 

70 

kg 

USEPA,  1989a/ 199 1b 

Averaging  Time  (AT) 

Cancer 

70 

70 

years 

USEPA.  1991b 

Noncancer 

6 

24 

years 

USEPA,  1991b 

No«m: 

\ 

ChHd: 

SOU)  parcantile  araa  •  hands,  faat,  arms,  and  lags 

Adult: 

50th  parcantila  araa  -  hands  and  foraarms 

mg 

X 

milligram 

cm^ 

squara  cantimatar 

kg 

= 

kilogram 

I 
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Table  4-5 

Recreational  Contact  wrm  Surface  Water 

Remeoul  Investigation 
Badger  Army  Ammunition  Plant 


I 


Parameter 

Older  Child  (6-15) 

Units 

Source 

» 

Corttact  Rate  (CR) 

0.05 

L/hour 

USEPA,  1991b 

Suiface  Area  Exposed  -  Swimming 
(SAJ’ 

13,000 

cm^ 

USEPA,  1990 

Surface  Area  Exposed  •  Wading 

(SA^)' 

6,150 

cm* 

USEPA,  1990 

> 

Exposure  Time  (ET) 

2.6 

hrs/day 

USEPA,  1989b 

Exposure  Frequency  (EF)^ 

24 

days/year 

USEPA,  ig89b 

Exposure  Duration  (ED) 

11 

years 

Assumption 

Body  Weight  (BW) 

40 

kg 

USEPA,  1990 

Averaging  Time  (AT) 

Cancer 

Noncancer 

70 

11 

years 

years 

USEPA,  1991b 
Assumption 

^  Nam: 

'  SOIh  pwoantil*  •  whoN  body 

’  SOtti  parcantila  •  hands,  faat,  arms,  and  lags 

^  2  days/waak  tor  12  waaks  (summar  saason) 


L 

» 

Mar 

cm* 

= 

squara  oant'malar 

hg 

kilogram 

hrs 

hours 

I 
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TABLE  4-« 

ORAL  DOSE-RESPONSE  INFORMATION  FOR  NONCARCINOOENIC  EFFECTS 


TABLE  4-B 

OHAL  dose-response  information  for  NONCARaNOQENIC  EFFECTS 
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TA«.E  4-7 

ORAL  DOSE-RESPONSE  INFORMATION  FOR  CARaNOGEMC  EFFECTS 


ETC6H5 


TABLE  4-7 

ORAL  DOSE-RESPONSE  INFORMATION  FOR  CARaNOGEMC  EFFECTS 


I 


SOURCES; 

IRIS  lnt«gr«ttd  Rnk  Information  Syslam  filas  as  of  August  1 002 
HEAST  '  HaaNhEffacis  Assassmart  Tsbias  1002  uniass  othanwisa  notad 


REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
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Table  4-10 

Potential  Sources  of  Uncertainty  for  Risk  Assessment 


Remedial  Investigation 
Badger  Army  Ammunition  Plant 


PoTENHAL  Source  of  Uncertainty 

Direction  of  Effect 

Justification 

Likelihood  of  exposure  pathways. 

Overestimate 

Pathways  may  not  actually  occur  (e  g., 
future  resident) 

Use  of  maximum  concentration  and  lack  of 
consideration  of  degradation  of  chemicals. 

Overestimate 

B 

Risk  estimates  are  based  on  recent 
chemical  concentrations.  Concentrations 
wHI  tend  to  decrease  with  time  as  a  result 
of  degradation  processes. 

Exposure  assumptions  (frequency, 
duration,  and  intensity). 

Overestimate 

Parameters  selected  are  conservative 

estimates  of  exposure.  B 

Lack  of  dermal  absorption  data  to  quantify 
dermal  pathway  for  exposure  to  soil. 

UrxJerestimate 

Dermal  risk  would  be  added  to  risk  from 
ingestion  and  inhalation  routes. 

Extrapolation  of  animal  toxicity  data  to 
humans. 

Unknown,  probably 
overestimate 

Animals  and  humans  differ  with  respect  to 
absorption,  metabolism,  distribution,  and 
excretion  of  chemicals.  The  magnitude  B 

and  direction  of  the  difference  will  vary  wit 
each  chemical.  Animal  studies  typically 
involve  high-dose  exposures,  whereas 
humans  are  exposed  to  low  doses  in  the 
environment. 

Use  of  linearized,  multi-stage  model  to 
derive  cancer  slope  factors. 

Overestimate 

Model  assumes  a  non-threshold,  linear  a.  ^ 

low  dose  relationship  for  carcinogens. 

Many  compounds  induce  cancer  by  non- 
genotoxic  mechanism.  Model  results  in  a 

95%  upper  confidence  limits  of  the  canoe; 
risk.  The  true  risk  is  unlikely  to  be  higher 
and  may  be  as  low  as  zero.  B 

Summation  of  effects  (cancer  risks  and 
hazard  indices)  from  multiple  substances. 

Unknown 

The  assumption  that  effects  are  additive 

ignores  potential  synergistic  and/or 

antagonistic  effects.  Assumes  similarity  in 

mechanism  of  action,  which  is  not  the  cas 

for  many  substances.  Compounds  may  ^ 

induce  tumors  or  other  toxic  effects  in 

different  organs  or  systems. 

Use  of  uncertainty  factors  in  the  derivation 
of  reference  doses. 

Unknown 

Ten-fold  uncertainty  factors  are 
incorporated  to  account  for  various 
sources  of  uncertainty  (animal-to-human 
extrapolation,  protection  of  sensitive  B 

human  populations,  extrapolation  from 
subchronic  to  chronic  data,  and  use  of 

LOAELs  rather  than  NOAELs).  Although 
some  data  seem  to  support  the  ten-fold 
factor,  its  selection  is  somewhat  arbitrary 

»  i 
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Table  4-io 

Potential  Sources  of  Uncertainty  for  Risk  Assessment 


Remedial  Investigation 
Badger  Army  Ammunition  Plant 


» 


Potential  Source  of  Uncertainty 

Direction  of  Effect 

Justification 

Lack  of  toxicity  values  for  many 
compounds  to  quantify  inhalation  pathway 
for  exposure  to  soH. 

Underestimate 

Risks  from  additional  compounds  would  be 
added  to  currently  quantified  risks  from 
inhalation  exposure 

Notee: 

LOAEL  =  Lowest  Observed  Adverse  Effect  Level 

NQAEL  •  No  Observed  Adverse  Effect  Level 
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Table  s-2 

Summary  of  Exposure  Pathways  Evaluated  in  the  Area 

Remeouu.  Investigation 
Badger  Army  Ammunition  Plant 


Medium 

Study  Area 

Surface 

Soil 

Surface 

Water 

Sediment 

Air 

Propellant  Burning  Ground 

X 

* 

Landfyi  1 

NA 

NA 

NA 

* 

Final  Creek 

X 

* 

Settling  Pond  I 

X 

* 

Settling  Pond  II 

X 

« 

Settling  Pond  III 

X 

* 

Settling  Pond  IV 

X 

* 

Spoils  Disposal  Area  I 

X 

* 

Spoils  Disposal  Area  II 

X 

* 

Spoils  Disposal  Area  III 

X 

* 

SpoHs  Disposal  Area  IV 

X 

* 

Spoils  Disposal  Area  V 

X 

* 

Deterrent  Burning  Ground 

X 

« 

Existing  Landfill 

X 

* 

Rocket  Paste  Area 

X 

X 

X 

« 

Nitroglycerine  Pond 

X 

X 

X 

* 

New  Acid  Area 

NA 

NA 

NA 

* 

Oleum  Plant  and  Oleum  Plant 

Pond 

X 

X 

X 

* 

Ballistics  Pond 

X 

X 

• 

Old  Acid  Area 

X 

* 

Old  Fuel  Oil  Tank 

NA 

NA 

NA 

* 

NotM: 

na  «  no  analytical  data 

*  >  pathway  not  evaluated 
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Table  S-3 

REraiENCE  Toxicity  Values  for  Aquatic  rteCEPTORS  -  Surface  Water* 

Remedial  Nvestigation 
Badger  Army  Ammunition  Plant 


Compound 

RTVOrO/J) 

Surface  Water 

AL 

748 

AS 

153 

BA 

1,360 

BE 

5.3 

CL 

94,300 

CR 

9.74 

CU 

2.27 

FE 

1,000 

PB 

3.2 

MN 

100 

HG 

0.012 

Nl 

66.13 

Nrr 

5,000 

S04 

1,060,000 

V 

200 

ZN 

49.59 

NH3N2 

2,100 

NotM: 


*  Summarized  from  information  prasarfted  in  Appendix  Q.  Table  0-3. 

=  micrograms  per  liter 
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Table  5-4 

Reference  Toxtcnv  Values  rm  Aouatic  Recertors  -  SEOuaENT* 


1 


Remedial  iNVESTiGA-noN 
Badger  Army  Ammunition  Plant 


Compound 

RTVU,g/l) 

Sediment 

AL 

_B 

NH3 

75 

CR 

100 

PB 

50 

HG 

0.1 

NIT 

545 

S04 

- 

B2EHP 

- 

PHANTR 

1,390 

DEP 

- 

NG 

- 

NNOPA 

- 

Nq«m: 


Sumnrwized  from  information  prasantad  in  Appandix  Q,  Tabia  Q-3. 
No  RTVs  avaiiabla. 
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TABLE  5-S 

SUMMARY  OF  REFERENCE  TOXICITY  VALUES(a)  FOR  TERRESTRIAL  RECEPTORS 
REMEDIAL  mVESTXSATION 
BADGER  ARMY  AMMUMTION  PLANT 


INDICATOR 


CHBillCAL 

SmaH  Mammal 

Small  Bird 

Herptile 

Predatory 

Mammal 

Predatory 

Bird 

ACET 

500 

500 

500 

500 

500 

MEK 

131 

131 

131 

131 

131 

C6H6 

10 

10 

10 

10 

10 

CH2CL2 

52.6 

5Z6 

52.6 

52.6 

52.6 

ANAPNE 

350 

350 

350 

350 

ANAPYL 

600 

600 

600 

600 

600 

ANTRC 

3300 

3300 

3300 

3300 

3300 

B2EHP 

19 

19 

19 

19 

19 

BAANTR 

2 

2 

2 

2 

2 

BAPYR 

0.002 

0.002 

0.002 

0.002 

0.002 

BBFANT 

40 

40 

40 

40 

40 

BKFANT 

72 

72 

72 

72 

72 

CHRY 

99 

99 

99 

99 

99 

DBAHA 

0.006 

0.006 

0.006 

0.006 

0.006 

ONBP 

600 

600 

600 

600 

600 

ONOP 

175 

175 

175 

175 

175 

DEP 

172 

172 

172 

172 

172 

240NT 

40 

40 

40 

1 

40 

OPA 

31 

31 

31 

25 

31 

NNDMEA 

0.46 

0.46 

0.46 

2.5 

0.46 

NNOPA 

50 

50 

50 

50 

50 

NNONPA 

5.1 

5.1 

5.1 

5.1 

5.1 

FANT 

40 

40 

40 

40 

40 

FLRENE 

250 

250 

250 

250 

250 

ICDPYR 

720 

720 

720 

720 

720 

2MNAP 

33 

33 

33 

33 

33 

NAP 

35.7 

X.7 

35.7 

35.7 

35.7 

NC 

9000 

9000 

9000 

9000 

9000 

PHANTR 

14 

14  . 

14 

14 

14 

PYR 

125 

125 

125 

125 

125 

CCL3F 

488 

488 

488 

488 

488 

NG 

31.5 

31.5 

31.5 

3 

31.5 

AL 

100 

100 

100 

100 

100 

SB 

0.35 

0.35 

0.35 

0.35 

0.35 

AS 

7.5 

1 

1 

250 

1 

BA 

1 

1 

1 

1 

1 

BE 

0.22 

0.22 

0.22 

0.22 

0.22 

CD 

0.32 

7.6 

7.6 

0.32 

7.6 

CR 

5.7 

3.5 

3.5 

5.7 

3.5 

CU 

1.21 

0.2 

0.2 

1.21 

0.2 

PB 

0.1 

^5 

^5 

3 

2.5 

HG 

0.12 

0.007 

0.007 

0.1 

0.007 

Nl 

1.3 

10.1 

10.1 

62.5 

10.1 

N03 

133 

133 

133 

133 

133 

SE 

0.004 

0.06 

0.06 

0.004 

0.06 

AG 

18.1 

18.1 

18.1 

18.1 

18.1 

S04 

120 

1») 

120 

120 

120 

SN 

0.1 

3.5 

3.5 

0.1 

3.5 

ZN 

160 

160 

160 

160 

160 

(a)  Ingestion  toxicity  data  for  chronic  exposures  by  terrestrial  organisms  as  summarized  in  Table  N-3. 
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Table  6>i 

Summary  of  the  Remedial  Investiqation  Field  Program  - 
Propellant  Burning  Grouno/Landfiix  I/Settling  Ponds  and  Spoils  Disposal  Area 
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Table  6-2 

Summary  of  Borings  Completed  • 

Burning  Grouno/Lanofiu  I/Settung  Ponds  and  Spoils  Disposal  Area 
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a 


is 

^  E 


b)  S 

|i 
2  < 
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Table  6>3 

Summary  of  MoNiTtmiNO  Wells  and  Piezometers  Installed  - 
r  Burning  Ground/Landfiu  I/Settung  Ponds  and  Spoils  Di: 


PBM-89-08  Hollow-stem  aug»fs  130  761,56  20  Downgradieni  of  To  provide  horizontal  definition  ol  the 

Propellant  Burning  plume 
Ground 


T/^LES>3 

Summary  of  Monitoring  Wells  and  Pietometers  Installed  - 
Propellant  Burning  Ground/Lanofill  i/Settung  Ponds  and  Spoils  Disposal  Area 


on 


Purpose 

To  provide  horizontal  definition  of  the 
plume  near  past  unspecified  activities. 

To  provide  horizontal  and  vertical 
definition  of  the  plume  throughout  the 
unconsolidated  thickness. 

To  characterize  water  quality  at  the 
water  table  upgradient  of  the  Propellant 
Burning  Ground 

To  provide  horizontal  and  vertical 
definition  of  the  plume. 

To  provide  horizontal  and  vertical 
plume  definition. 

To  provide  horizontal  and  vertical 
plume  definition. 

To  provide  vertical  gradient  data 
downgradient  from  Propellant  Burning 
Ground. 

Location 

Upgradient  of 
Propellant  Burning 
Ground 

Oowngradient  of 
Decontamination 
Oven  and 
Contaminated 

Waste  Area 

Upgradient  of 
Propellant  Burning 
Ground 

Downgradient  of 
Propellant  Burning 
Ground 

Downgradient  of 
Propellant  Burning 
Ground 

Downgradient  of 
Propellant  Burning 
Ground 

Downgradient  of 
Propellant  Burning 
Ground 

Length  of 
Weu  Screen 
(ft.) 

in  irt  tf> 

20 

5 

o  o 

o  o 

o  o  o 

Bottom 

Elevation 

OF  Screens 
(ft.  MSL) 

760.48 

763.65 

723.81 

697,00 

645.25 

771.41 

753.66 

714.04 

645.3 

594.8 

668.8 

620.2 

704.3 

658.3 

505.8 

Boring  Depth 
From  Ground 
Surface  (ft.) 

125 

130 

167 

205 

255 

CD 

CM 

8| 

220 

251 

200 

231 

253 

253 

253 

Drilung  Method 

m 

1 

3 

• 

E 

s 

i 

1 

Dual-wall  driven  casing 
Dual-wan  driven  eating 
Dual-wail  driven  casing 
Dual-wall  driven  casing 

•» 

• 

a» 

3 

• 

E 

• 

i 

o 

1 

Hollow-stem  augers 
Dual-wall  driven  casing 

Dual-wall  driven  casing 
Dual-wall  driven  casing 

Dual-wall  driven  casing 
Dual-wall  driven  casing 

Dual-wall  driven  casing 
Dual-wall  driven  casing 
Dual-wall  driven  casing 

Site  and 
Well 
Identifier 

i 

PBN-89-10  A 
-10  8 
-IOC 
-10  0 

i 

(L 

PBN-89-12  A 
-12  B 

PBN-91-06  C 
-06D 

PBN-91-12  C 
-12  D 

PBP-91-01  B 
-01  C 
-01  D 

PBP-91-02  B  Dual-wall  driven  casing  254  707.3  10  Oowngradient  of  To  provide  vertical  gradient  data 

-02  C  Dual-wall  driven  casing  254  657.3  10  Propellant  Burning  downgradient  from  Propellant  Burning 

-02  D  Dual-wall  driven  casing  254  595  8  10  Ground  Ground. 


Table  6-3 

Summary  of  Monitoring  Wells  and  Piezometers  Installed  • 

Propellant  Burning  GRouNO/UNOFia  i /Settling  Ponds  and  Spoils  Disposal  Area 


SPN-89-03  B  Hollow-stem  augers  100  723.09  5  Downgradiertt  ol  Irt  association  with  existing  well  S1 147. 

-03  C  Dual-wall  driven  casing  150  689.25  5  Final  Creek,  prior  provide  horizontal  and  vertical  definition 

to  entrance  to  of  the  plume  downgradient  of  the  Final 

_  Settling  Pond  1  Creek. 


Table  6-3 

Summary  of  Monitoring  Wells  and  Piezometers  Installed  - 
r  Burning  Qrouno/Lanofiu.  i/Settung  Ponds  and  Spoils  Disposal  Area 
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Table  6-4 

Summary  of  Monitorbig  Wells  Logged  with  Borehole  Geophysics  - 
Propellant  Burning  Grouno/Lanofill  i /Settling  Ponds  and  Spoils  Disposal  Area 


Remeoml  Investigation 
Badger  Army  Ammunition  Plant 


Site/Well  No. 

Boring  Depth 
from  Top  of 
PVC  Riser 
(feet) 

Approximate 
Depth  TO  Water 
FROM  Top  OF 
PVC  Riser 
(feet) 

Date 

Logged 

Date 

Installed 

Drilung  Method 

1. 

PBN-89-12B 

142 

89 

5/12/89 

4/15/89 

Dual-wall  driven  casing 

2. 

PBN-89^C 

183 

90 

5/12/89 

4/16/89 

Dual-wall  driven  casing 

3. 

PBN-89-03C 

162 

87 

5/12/89 

3/9/89 

Dual-wall  driven  casing 

4. 

PBN-89-01D 

241 

102 

5/12/89 

1/20/89 

Dual-wall  driven  casing 

5. 

PBN-89-02C 

195 

126 

5/12/89 

3/19/89 

Dual-wall  driven  casing 

6. 

PBN-89-10D 

240 

111 

5/12/89 

3/7/89 

Dual-wall  driven  casing 

7. 

PBN-89-11 

114 

107 

5/13/89 

3/7/89 

Hollow-stem  augers 

8. 

PBN-82-03C 

117 

75 

5/13/89 

3/15/82 

Mud  rotary 

9. 

PBN-82-05C 

134 

105 

5/13/89 

3/11/82 

Mud  rotary 

10. 

PBN-82-01C 

141 

108 

5/13/89 

3/10/82 

Mud  rotary 

11. 

PBN-89-09 

124 

107 

5/13/89 

3/1/89 

Hollow-stem  augers 

12. 

LON-89-02B 

201 

147 

5/13/89 

2/18/89 

Dual-wall  driven  casing 

13. 

LOM-89-01 

158 

142 

5/13/89 

2/17/89 

Dual-wall  driven  casing 

14. 

SPN-89-01C 

121 

65 

5/15/89 

3/29/89 

Dual-wall  driven  casing 

15. 

SPN-89^2C 

132 

57 

5/15/89 

4/14/89 

Dual-wall  driven  casing 

16. 

SPN-89-03C 

131 

52 

5/15/89 

4/13/89 

Dual-wall  driven  casing 

17. 

SPN-89-04C 

107 

38 

5/15/89 

3/30/89 

Hollow-stem  augers 

18. 

SPN-89-05B 

89 

40 

5/15/89 

3/30/89 

Dual-wall  driven  casing 

Note*: 

PVC  =  polyvinyl  chloride 
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Table  ft-S 

Aquifer  Pumping  Test  -  Summary  of  Drawdown  and  Recovery  Analyses 
Propellant  Burning  Ground/Lanofill  I/Settling  Ponds  and  Spoils  Disposal  Area 
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Table  6-6 

Wells  Incxuoeo  in  Grounowateb  Sampling  Program  • 

Propellant  Burning  Grouno/Lanofill  i/Settung  Ponos  and  Spoils  Disposal  area 


Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Sites 

New  V^lls 

Existing  Wells 

Propellant  Burning  Ground 

PBN-89-01B.C.D 

PBN-82-0lA.B,C 

PBN-89-02B,C 

PBN-82-02A.B,C 

PBN-89^B.C 

PBN-82-03A,B.C 

PBN-89-04B.C 

PBN-82-04A,B,C 

PBM-89^5 

PBM-82-05A.B.C 

PBM-e9-06 

PBM-82-01 

PBM-89-07 

PBM-62-02 

PBM-89-08 

PBM-82-03 

PBM-ag-og 

PBM-82-04 

PBM-89-10A.B.C.D 

PBM-82-05 

PBM-89-11 

S1109 

PBN-89-12A.B 

S1117 

PBN-91-06C.D 

S1146 

PBN-91-12C.D 

PBM-85-01 

PBM-85-02 

PBM-85-03 

PBM-85-04 

PBM-85-05 

PBM-85-06 

PBN-85-01A 

PBN-85-02A 

PBN-85-03A 

PBN-85-04A 

Subtotal 

25 

33 

Landfill  T 

LOM-89-01 

LON-89^2A.B 

LON.69-03A,B 

LOM-91-01 

LOM-91-02 

Subtotal 

7 

0 

Settling  Ponds  and  Spoils 

SPN-89-01C 

S1101 

Disposal  Area 

SPN-89-02A,B,C 

Si  102 

SPN-89-03B,C 

S1 103 

SPN-89-04B,C 

S1104 

SPN-89-05A.B 

S1 105 

SPN-91-02D 

S1106 

SPN-91-03D 

Si  107 

SPN-91-04D 

S1 108 

Si  133 

51 147 

51148 

51 149 

S1152A.B 
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Table  6-6 

Wells  Incluoeo  w  Groundwater  Sampung  Program  - 
Propellant  Burnmug  Ground/Lanopill  1/Settung  Ponds  and  Spoils  Disposal  Area 

Remedial  Investigation 
Badger  Army  Ammunitkm  Plant 

New  Wbxs 
13 

45 

No«m: 

A,B.C,D  •  ShallovMst  to  dMpMt:  A  indicates  shallowest  welt:  0  indicates  deepest  well  in  a  well  nest. 


Existing  Wells 
14 
47 
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CHEMICAL  ANALYSES  PERFORMS)  ON  QROUNOWATER  SAMPLES  - 
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CHBIICAL  ANALYSES  PERFOnMED  ON  OROUmWATER  SAMPLES  - 
PROPELLANT  BURNING  QROUNO/LANOFILL  l/SETTLINQ  PONOS  AND  SPOILS  DISPOSAL  AREA 
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VOC  «  volalile  organic  compoundt  by  QC/MS 
'  •  Wall  did  not  conlain  adaquato  water  lor  sampling. 
B  •  Analyzad  in  both  Rounds  (Ona  and  Two), 
t  •  Analyzad  in  Round  Ona  only. 

2  •  Analyzad  in  Round  Two  only 
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Table  6-10 

Vertical  Groundwater  Gradients  - 
Propellant  Burning  Ground/Landfill  1/Settung  Ponds 
AND  Spoils  Disposal  Area 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Well  Nest 

Water  Level  Difference 

(FT.)/SCREEN 
S^ARATtON  (FT.) 

Vertical  Gradient  (ft/ft) 

Comment'  I 

(Water  Level  Difference) 

PBN-82-01A  and  B 

0.02/19 

0.001 1u^ 

Insignificant^ 

PBN-82-01B  and  C 

0.02/9 

0.001  u* 

Insignificant 

PBN-82-02A  and  B 

0.12/17 

0.007U 

1 

PBN-82-02B  and  C 

0.06/9 

0.007d 

PBN-82-03A  and  B 

0.01/16 

0.0006U 

Insignificant 

PBN-82-03B  and  C 

0.01/9 

0.001  d 

Insignificant 

PBN-82-04A  and  B 

0.08/16 

0.005U 

Small 

PBN-82-04B  and  C 

0.0/10 

0.0 

P 

None 

PBN-82-05A  and  B® 

0.09/15 

0.006d 

PBN-82-05B  and  C 

0.05/10 

0.005U 

Small 

PBN-85-01A  and 
PBN-89-01B 

0.29/48 

0.006d 

1 

PBN-89-01B  and  C 

0.11/32 

0.0034U 

• 

PBN-89-OlCand  D 

0.01/43 

0.0002U 

Insignificant 

PBN-85-02A  and 
PBN-89-02B 

1.31/28 

0.047d 

Substantial 

PBN-89-02B  and  C 

0.27/33 

0.008U 

1 

PBN-85-03A  and 
PBN-89-03B 

0.67/36 

0.01 9d 

PBN-89-03B  and  C 

0.68/35 

0.01 9u 

PBN-85-04A  and 
PBN-89-04B 

0.34/37 

0.009d 

» 

PBN-89-04B  and  C 

0.53/37 

0.01  u 

PBN-89-10A  and  B 

0.06/46 

O.OOId 

Small 

PBN-89-10B  and  C 

0.34/29 

0.01  U 

PBN-89-10C  and  D 

0.26/48 

0.005d 

1 

PBN-89-12A  and  B 

0.10/44 

0.002d 

Small 

PBN-89-12B  and 
PBN-91-12C 

0.06/45 

0.001 

Small 

PBN-91-12C  and 
PBN-91-12D 

0.05/45 

0.001 

Insignificant 

fe 
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Table  6-io 

Vertical  Groundwater  Gradients  - 
Propellant  Burning  Grouio/Lanofiu.  i/Settung  Ponds 
AND  Spoils  Disposal  Area 


Remeiral  Investigation 
Badger  Army  Ammunition  Plant 


Well  Nest 

Water  Level  Difference 
(ft.)/Screen 
Separation  (ft.) 

Vertical  Gradient  (ft/ft) 

Comment' 

(Water  Level  Difference) 

PBM-85-06  and 
PBN-91-06C 

0.09/111 

0.0008 

Small 

PBN-gi-06C  and 
PBN-91-06D 

0.02/53 

0.0004 

Insignificant 

S1101  and  S1133 

0.04/37 

0.001  u 

Insignificant 

S1133  and 

SPN-89-01C 

0.05/24 

0.002d 

Small 

SPN-89-02A  and  B 

0.0/36 

0.0 

None 

SPN-89-02B  and  C 

0.01  /30 

0.0003d 

Insignificant 

SPN-89-02C  and 
SPN-91-02D 

0.0/53 

0.0 

None 

S1147  and 

SPN-89-03B 

0.10/33 

0.003d 

Small 

SPN-89-03B  and  C 

0.02/34 

0.0006U 

Insignificant 

SPN-89-03C  and 
SPN-91-03D 

0.12/63 

0.0019 

Sl148and 

SPN-89-04B 

0.07/30 

0.002d 

Small 

SPN-89-04B  and  C 

0.04/32 

0.001  U 

Insignificant 

SPN-89-04C  and 
SPN-91-04D 

0.02/100 

0.0002d 

Insignificant 

S1152A  and  B 

0.0/22 

0.0 

None 

Sl152Band  S1103 

0.24/51 

0.005U 

W0033213T.6A/21 
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TaMJE  6-10 

Vertical  Groundwater  Gradients  - 
Propellant  Burning  Ground/Landpill  i/Settung  Ponds 
AM)  Spoils  Disposal  Area 

Remedial  Investigation 
Badger  ARiwy  Ammunition  Plant 


WEU.NEST 

Water  Level  Difference 

(FT.)/SCREEN 

Separation  (ft.) 

Vertical  Gradient  (ft/ft) 

Comment' 

(Water  Level  Difference) 

Si  104  and  Si  105 

0.02/23 

0.0009U 

Insignificant 

S1105  and  S1 106 

0.06/26 

0.0023d 

Small 

SPN-89-05A  and  B 

0.09/43 

0.002d 

Small 

Notes: 

'  Water  levels  measured  on  December  IS.  1991. 

^  Insignificant  gradient  was  concluded  if  the  water  level  difference  was  less  than  the  probable  measurement  accuracy  considering  the  variance  expec: 

from  two  measurements. 

^  u  =  upward  gradient 

*  d  2  downward  gradient 

’  April  7,  1992  water  levels 

tt/ft  »  feet  per  foot 
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Table  6-11 

(.ORIZONTALGROUNOWATC'  Granehts- 
Propellant  Burning  Ground/Lanofill  i/Settung  Ponos 
AND  Spoils  Disposal  Area 


Remedial  Investigation 
Badger  Armv  Ammunition  Plant 


WELL  Nest 

Horoxmtal  Gradient 

(FT/FT)’ 

Comment 

PBM-89-11 

LON-89-03A 

0.0014 

Northern  Propellant  Burning  Ground:  southeasterly 
flow  vector 

PBM-82-01 

PBN-82-04A 

0.0015 

At  Propellant  Burning  Ground;  southeasterly  flow 
vector 

PBN-82-03A 

PBM-89-07 

0.0013 

South  of  Propellant  Burning  Ground;  southerly  flow 
vector 

PBM-85-06 

S1148 

0.0014 

Propellant  Burning  Ground  and  Settling  Ponds  and 
Spoils  Disposal  Area;  southerly  flow  vector 

PBN-89-10B 

PBN-89-01B 

0.0014 

Propellant  Burning  Ground;  deep  gravei/cobbie  zone; 
southerly  flow  vector 

PBN-89-01B 

PBN-89-04B 

0.0012 

Propellant  Burning  Ground;  deep  gravel/cobble  zone: 
southerly  flow  vector 

PBN-89-04B 

PBN-89-12B 

0.0015 

Propellant  Burning  Ground;  deep  gravel/cobble  zone; 
southerly  flow  vector 

’  Water  levels  measured  on  December  15.  1991. 

ft/ft  =  feet  per  foot 


W0039213T.6B/1 


6853-12 


Table  6-12 

Field  Hydraulic  COMXXmviTY  Test  Results  - 
Propellant  Burning  Grouno/Lanofiu  1/Settung  Ponds  and  Spoils  Disposal  Area 

Remeoml  Investigation 
Badger  Army  Ammunition  Plant 


Weu 

Designation 

Maximum  Water 
Level  Depression 

(FEET) 

Hydraulic 

CONOUCnVITY 

(CM/SEC) 

Geologic  Conditions 

PBM-89-11 

1.5 

4x10^ 

Fine  to  medium  sand  (SP) 

PBN-82-03B 

3.4 

1x10’’ 

Medium-fine  sand  (SP-SM) 

PBN-82-03C 

9.0 

7x10^ 

Medium-fine  sand  (SP-SM) 

PBN-89-01B 

3.7 

3x10^ 

Gravel  with  sand  and 
cobbles  (GP) 

PBN-89-01C 

10.9 

3x10^ 

Fine  to  medium  sand 
(SP-SW) 

PBN-89-01D 

CO 

5x10^ 

Medium-fine  sand  with 
trace  gravel  (SW) 

PBN-89-02B 

11.0 

1x10'^ 

Fine  to  medium  sand  (SP) 

PBN-89-02C 

12.1 

2x10'* 

Fine  to  medium  sand  (SP) 

PBN-e9-03B 

8.7 

1x10'^ 

Sand  with  trace  gravel 
(SP) 

PBN-89-03C 

8.7 

4x10'^ 

Sand  with  trace  gravel 
(SP) 

PBN-89-04C 

5.8 

2x10^ 

Fine  sand  (SP-SW) 

PBN-89-10B 

1.5 

2x10"' 

Gravel  with  sand  (GW-SP) 

PBN-89-10C 

8.5 

2x10^ 

Medium-fine  sand,  little 
gravel  (SP-SW) 

PBN-89-10D 

10.7 

5x10^ 

Fine  to  coarse  sand  with 
gravel  and  cobbles 
(SP-GP) 

PBN-91-06C 

7.3 

1.6x10^ 

Medium  to  coarse  sand, 
some  gravel  (SW) 

PBN-91-12C 

4.8 

_ 1 

8x10^ 

Medium  to  coarse  sand 
with  little  fine  saixl  and 
little  gravel  (SW) 
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Table  6-12 

Fneld  Hydraulic  Conductivity  Test  Results  - 
Propellant  Burning  Grouno/Landfel  i/Settung  Ponds  and  Spoils  Disposal  Area 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Well 

Designatkm 

Maximum  WATPt 
Level  Depression 

(FEET) 

Hydraulic 

Conductivity 

(CM/SEC) 

Geologic  Conditions 

PBN-91-12D 

10.3 

3x10^ 

Medium  to  coarse  sand, 
some  gravel,  little  fine 
sand  (SW) 

LON-89-02B 

5.0 

4x10* 

Gravel  and  cobbles 
(GP-GW) 

LON-89-03B 

2.0 

1x10’ 

medium  sand  and  fine 
gravel  (SP-GP) 

SPN-89-01C 

8.4 

4x10* 

Fine  sand  (SP)  over  gravel 

(GP) 

SPN-89^32B 

9.3 

1x10* 

Fine  to  medium  sand  (SP) 

SPN-a9-02C 

9.3 

3x10* 

Medium  to  coarse  and 
(SP) 

SPN-89-03B 

8.4 

4x10* 

Rne  sand  over  gravel 
(SP-GW) 

SPN-8904B 

8.5 

2x10* 

Fine  sand  and  some 
gravel  (SP-GW) 

SPN-89-04C 

10.5 

2x10* 

Fine  sand  trace  gravel 
(SP) 

S1103 

3.4 

8x10* 

Medium-fine  sand  with 
some  gravel  (SP,  SP-SM) 
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TAai£e-i? 

Field  Hvorauuc  Cunductivity  Test  Results  • 

Propellant  Burning  Grouno/Lanofill  i/Settung  Ponds  and  Spoils  Disposal  Area 

Remedial  Investigation 
Badger  Army  Ammimition  Plant 


WELL 

Designation 

Maximum  Watbi 
Level  Depression 

(FEET) 

Hydraulic 

Conductivity 

(CM/SEC) 

Geologic  Conditions 

S1106 

9.8 

7x10^ 

Medium-fine  sand,  iittle 
gravel  (SP.  SP-SM) 

S1 107 

8.6 

3x10^ 

Medium-fine  sand,  little 
gravel  (SP.  SP-SM) 

S1114 

7.5 

2x10-2 

Medium-fine  sand,  iittie 
gravel  (SP,  SP-SM) 

NotM; 

Field  data  and  calculations  are  presented  in  Appendix  I.  Hydraulic  conductivities  calculated  using  HVORSLEV  method. 

Hydraulic  Conductivity  Tests  completed  during  March  and  November  1989,  and  November  and  December  1991. 

Values  of  hydraulic  conductivities  represent  an  averaged  value  of  multiple  tests  performed  on  each  well.  ^ 

cm/sec  -  centimeters  per  second 

Water  level  recovery  at  this  well  impacted  by  inertial  effects  resuitirtg  in  water  level  recovsry  above  static  water  level.  Hydraulic 
conductivity  measurements  may  be  greater  than  calculated  at  this  well. 
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Notes  and  flagging  codes  are  presented  at  the  end  of  this  table. 
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Notes  and  flaiging  codes  are  presented  at  the  end  of  this  table. 
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Notes  and  Hagging  codes  are  presented  at  the  end  of  this  table. 
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Notes  and  flagging  codes  are  presented  at  the  end  of  this  tabie. 
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SUMMUARY  OF  TCLP  METALS  DATA  FOR  SURFACE  SOIL  - 
Propellant  Burning  Grouno/Lanofill  i/Settung  Ponds  and  Spoils  Disposal  Area 


» 


Remedial  Investigation 
Badger  Army  Ammunition  Plant 


TCLP  Leachate  Concentration  0/g/t) 


Sample  Location 

CD 

CR 

PB 

HG 

Notes 

TCLPRL' 

1.000 

5,000 

5,000 

200 

Minimum  Reporting  Value 

6.8 

16.8 

43.4 

0.1 

PBS-91-03 

LT^ 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBS-91-06 

LT 

LT 

7,790 

LT 

TCLP  RL  exceeded  for  PB 

PBS-91-10 

31.2 

18.9 

100,000 

LT 

TCLP  RL  exceeded  for  PB 

PBS-91-12 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBS-91-15 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBS-91-16 

LT 

LT 

6,050 

LT 

TCLP  RL  exceeded  for  PB 

PBS-91-18 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBS-91-21 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBS-91-23 

-- 

- 

- 

LT 

TCLP  RL  not  exceeded 

PBS-91-24 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBS-91-27 

LT 

LT 

8,310 

LT 

TCLP  RL  exceeded  for  PB 

PBS-91-29 

LT 

LT 

1,140 

LT 

TCLP  RL  not  exceeded 

PBS-91-33 

LT 

LT 

2,070 

LT 

TCLP  RL  not  exceeded 

PBS-91-34 

LT 

LT 

1,620 

LT 

TCLP  RL  not  exceeded 

PBS-91-36 

LT 

LT 

910 

LT 

TCLP  RL  not  exceeded 

PBS-91-39 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

Contaminated  Waste  Area 

PBS-91-43 

LT 

LT 

315 

LT 

TCLP  RL  rujt  exceeded 

PBS-91-44 

LT 

LT 

604 

LT 

TCLP  RL  not  exceeded 

PBS-91-45 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBS-91^ 

LT 

LT 

28,000 

LT 

TCLP  RL  exceeded  for  PB 

PBS-91-49 

LT 

LT 

5,730 

LT 

TCLP  RL  exceeded  for  PB 

PBS-91-52 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBS-91-55 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

VV0039213T.6A/12 
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Table  &-14 

Summary  of  TCLP  Metals  Data  for  Surface  So<l  - 
Propellant  Burning  Grouno/Lanofill  i/Settung  Po»tt>s  am)  Spoils  Disposal  Area 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


TCLP  Leachate  Concentration  Q/g/i) _  > 


Sample  Location 

CD 

CR 

PB 

HG 

NOTES 

PBS-91-58 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBS-91-61 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBS-91-65 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBS-91-66 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBS-91-69 

LT 

LT 

1,130 

LT 

TCLP  RL  not  exceeded 

PBS-91-72 

LT 

LT 

209 

LT 

TCLP  RL  not  exceeded 

PBS-91-75 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBS-91-79 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

P8S-91-a2 

LT 

LT 

928 

LT 

TCLP  RL  not  exceeded 

PBS-91-85 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBS-91-88 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBS-91-91 

LT 

LT 

246 

LT 

TCLP  RL  not  exceeded 

PBS-91-95 

LT 

LT 

122 

LT 

TCLP  RL  not  exceeded 

PBS-91-96 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBS-91-99 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBS-91-102 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBS-91-105 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBS-91-109 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBS-91-112 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBS-91-115 

LT 

LT 

546 

LT 

TCLP  RL  not  exceeded 

PBS-91-116 

LT 

•T 

LT 

LT 

TCLP  RL  not  exceeded 

P8S-91-118 

LT 

LT 

397 

LT 

TCLP  RL  not  exceeded 

Netu: 

'  TCLP  Ragulatory  Laval  (RLs)  exist  for  tfie  following  niettls:  AS.  BA,  CD,  CR,  SE,  PB,  HG.  and  AG.  However,  these  results 

were  reported  only  for  CO,  CR,  PB,  and  HG.  (See  List  of  USATHAMA  Chemical  Codas  for  definitions  of  chemical 
abbreviations). 

’  LT  -  Less  than  the  Minimum  Reporting  Value;  corrected  for  percent  moisture,  dilution,  and  percent  recovery. 
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SUMMARY  OF  SURFACE  SOIL  CHEMICAL  DATA  - 
SETTLING  PONDS  AND  SPOILS  DISPOSAL  AREA 


17000  20000  15000  16000  9200  20000  11000 


Notes  and  (lagglnf  codes  are  presented  at  the  end  of  this  table. 
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Notes  and  flagging  codes  arc  presented  at  the  end  of  this  table. 
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Nole»  and  flagging  codes  are  presented  at  the  end  of  this  table. 
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Notes  and  flagging  codes  aic  presented  at  the  end  of  this  table. 
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Notes  and  flagging  codes  are  presented  at  the  end  of  this  table. 


Notes  and  flagging  codes  are  presented  at  the  end  of  this  table. 


Notes  and  nafging  codes  are  presented  at  the  end  of  this  table. 
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TaBL£  6-17 

Summary  of  TCLP  Metals  Data  for  Subsurface  soil  • 

Propellant  Burning  Grouno/Lanofill  I/Settung  Ponds  ano  Spoils  Disposal  Area 

REMEOUU.  iNVESmGATION 

Badger  Army  Ammunition  Plant 


TCLP  Leachate  Concentration  Oig/i) 


Sample 

Location 

Depth 

CD 

CR 

PB 

HG 

Notes 

TCLP  RL’ 

1,000 

5.000 

5,000 

200 

Minimum 
Reporting  Value 

6.8 

16.8 

43.4 

0.1 

PBB-91-01 

16 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBB-91-01 

105 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBB-91-02 

27 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBB-91-02 

102 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBB-91-03 

4 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBB-91-03 

101 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBB-91-04 

18 

LT 

LT 

122 

LT 

TCLP  RL  not  exceeded 

PBB-91-04 

72 

LT 

LT 

95.2 

LT 

TCLP  RL  not  exceeded 

PBB-91-04 

102 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBB-91-04 

107 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBB-91-05 

73 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBB-91-05 

111 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBB-91-06 

6 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBB-91-06 

12 

9.5 

LT 

1,460 

LT 

TCLP  RL  not  exceeded 

PBB-91-06 

14 

10.1 

LT 

167 

LT 

TCLP  RL  not  exceeded 

PBB-91-06 

20 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBB-91-06 

31 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBB-91-06 

41 

LT 

22.8 

LT 

LT 

TCLP  RL  not  exceeded 

PBB-91-06 

61 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBB-91-06 

91 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBB-91-07 

6 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBB-91-07 

8 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBB-91-07 

10 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBB-91-07 

12 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

W0039213T.6A/14 


contiiHMd 


Table  6-17 

Summary  of  TCLP  Metals  Data  for  Siwsurface  Soil  • 

Propellaht  Burning  Grouno/Lanofill  i/Settung  Ponds  and  Spoils  Disposal  Area 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


_ TCLP  Leachate  Concentration  Q/g/i) _ 

Sample  Notes 


Location 

Deptn 

CD 

CR 

PB 

HG 

PBB-91-07 

20 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBB-91-07 

32 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

PBB-91-07 

62 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

TCLP  Regulatory  Level  (RLs)  exist  for  the  following  metals:  AS.  BA.  CD.  CR.  SE.  PB.  HQ.  and  AG.  However,  these  results 
ware  reported  only  lor  CD.  CR.  PB.  and  HG.  (See  List  of  USATHAMA  Chemical  Codes  for  definitions  of  chemical 
abbreviations). 

LT  •  Less  than  the  Minimum  Reporting  Value:  corrected  for  p>ercent  moisture,  dilution,  and  percent  recovery. 
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TABLE  6- 19  P*|etof20 

SUMMARY  OF  GROUNDWATER  CHEMICAL  DATA- 
PROPELLANT  BURNING  GROUND/  LANDFILL  1/  SETTLING  PONDS  AND  SPOILS  DISPOSAL  AREA 

REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 


Notes  and  flagging  codes  are  presented  at  the  end  of  this  table. 


TABLE  6- 19  Page  2  o(  20 

SUMMARY  OF  GROUNDWATER CHEMICALDATA- 
PROPELLANT  BURNING  GROUND/  LANDFILL  I/SETTUNO  PONDS  AND  SPOILS  DISPOSAL  AREA 


I 


Notes  and  flagging  codes  are  presented  at  the  end  of  this  table. 


Notes  and  flagging  codes  are  presented  at  the  end  of  this  table. 


TABLE  6- 19  P*|c4of20 

SUMMARY  OF  groundwater  CHEMICALDATA- 
PROPELLANT  BURNING  GROUND/  LANDFILL  l/SETTUNG  PONDS  AND  SPOILS  DISPOSAL  AREA 

REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 


NjKs  and  flagging  codes  are  presented  at  the  end  of  this  table. 


TABLE  6- 19  P»*e5of20 

SUMMARY  OF  GROUNDWATER  CHEMICAL  DATA- 
PROPELIANT  BURNING  GROUND/  LANDFILL  1/  SETTLING  PONDS  AND  SPOILS  DISPOSAL  AREA 

REMEDIAL  INVESTIGATION 


Notes  and  Ragging  codes  are  presented  at  the  end  of  this  table. 


TABLE  6- 19  P*|c«oC20 

SUMMARY  OF  GROUNDWATERCHEMICALDATA- 
PROPELLANT  BURNING  GROUND/  LANDFILL  1/  SETTLING  PONDS  AND  SPOILS  DISPOSAL  AREA 

REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 


Notes  and  flagging  codes  are  presented  at  the  end  of  this  table. 


I 


Noirs  and  flagging  codes  are  presented  at  the  end  of  this  table. 


i 


Notes  snd  flagging  codes  are  presented  at  the  end  of  this  table. 


Holes  and  nagfing  codes  are  presented  at  the  end  of  this  table. 


o<  t. 

i 

ml 

£  St  P  C  Z 

•igssi 

SiSil 

oSqae 

<zg< 

O  2  Sfif 

u.  iJ  U  lU 

OgstO 

bi  9 

ten  < 


1  I  1  I  I  ^  2  *  '  *  si  *  I  I  * 


V.  r4 

. fi'S'''^' 


««  w  J2 

ml  I  1  I  I  r:  M  P  t  t  I  -i  I 

pj  r4  ^ 


5:i  I  I  I  lS^?l  I  <5' 

ei  ^  'O 


I  I 


iiiiiiipriiiii  &1I 


I  I  I  t  iripo  — 

m  ••  •rv  • 


iiiiiiv^^iiiSi  III 

rl  «  e 


IIIIIIIS^III^I  ' 


iiiSi 

m  ^  ^  ! 


§ 

“■•  R 


iiiisliiiii|Pi|iii2sS88Be;g-iijs>slid53|e|l 

—  —  —  —  U^S  St  d 


Notes  and  nagging  codes  are  presented  at  the  end  of  this  table. 


TABLE «  19  PtfellofW 

SUMMARY  OF  GROUNDWATER  CHEMJCALDATA- 
PROPELLANT  BURNING  GROUND/  LANDFILL  l/SETTIJNG  PONDS  AND  SPOILS  DISPOSAL  AREA 

REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 


Notes  and  flagging  codes  are  presented  at  the  end  of  this  table. 


Notes  and  flafglng  codes  are  presented  at  the  end  of  this  table. 


I 


Noics  and  flagging  codes  are  presented  at  the  end  of  this  table. 


TABLE  6- 19  Pafc  14  o(  20 

SUMMARY  OF  GROUNDWATER  CHEMICAL  DATA- 
PROPELIANT  BURNING  GROUND/  LANDFILL  1/  SETTUNG  PONDS  /^D  SPOILS  DISPOSAL  AREA 

REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 


Notes  and  (Uulng  codes  are  presented  at  the  end  o(  thb  table. 


REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 


TABLE  6- 19 

SUMMARY  OF  GROUNDWATER  CHEMICAL  DATA- 
PROPELIANT  BURNING  GROUND/  LANDFILL  1/  SETTUNG  PONDS  AND  SPOILS  DISPOSAL  AREA 

REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 


Notes  and  flagging  codes  are  presented  at  the  end  of  this  table. 


REMEDIAL  INVESTIGATION 


TABLE  6- 19  Page  18  of  20 

SUMMARY  OF  GROUNDWATER  CHEMICAL  DATA- 
PROPELLANT  BURNING  GROUND/  LANDFILL  1/  SETTUNG  PONDS  /VND  SPOILS  DISPOSAL  AREA 

REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNmON  PLANT 


I 


Notes  and  flagglni  codes  are  presented  at  the  end  of  thb  table. 
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TABLE  6-19 

SUMMARY  OF  GROUNDWATER  OlEMICAL  DATA- 
PROPELLANT  BURNING  GROUND/  LANDFILL  1/  SETTLING  PONDS  AND  SPOILS  DISPOSAL  AREA 

REMEDIAL  INVESTIGA'HON 
BADGER  ARMY  AMMUNITION  PLANT 
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Table  6-21 

Compounds  of  Potential  Concern  - 
Propellant  Burning  Ground 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Compound 

OF  Potential  Concern 

Exposure  Point  Concentration 

Surface  Soil' 

(p9/g) 

Subsurface  Soil^ 

(pg/g) 

24DNT 

10.7 

58.9 

26DNT 

1 

2 

2MNAP 

0.452 

18.2 

ANAPNE 

- 

16.9 

ANAPLY 

- 

1.04 

ANTRC 

- 

12.4 

AS 

9.45 

18.8 

B2EHP 

6.2 

6.2 

BAANTR 

0.204 

8.9 

BAPYR 

- 

3.55 

BBFANT 

- 

3.91 

BGHIPY 

- 

2.57 

BKFANT 

- 

3.36 

C6H6 

0.42 

9.09 

CHRY 

3.68 

8.28 

CR 

49.8 

40.4 

CU 

344 

327.19 

DBAHA 

- 

0.661 

DBZFUR 

- 

5.8 

DEP 

6.2 

6.2 

DNBP 

6.35 

6.2 

FANT 

0.2 

6.2 

FLRENE 

- 

18.4 

HG 

0.334 

- 

ICDPYR 

- 

4.52 

MEC6H5 

- 

14.4 

NAP 

- 

6.2 

Nl 

27.3 

- 

NIT 

- 

35 

NNDPA 

30.8 

12 

PB 

2700 

1200 

PHANTR 

1.32 

12 

» 


» 


» 


I 


I 
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TABL£6-21 

Compounds  of  Potential  Concern  - 
Propellant  Burning  Ground 

REMEMAL  iNVESTIGATtON 

Badger  Armv  Ammunition  Plant 


Compound 

OF  Potential  Concern 

Exposure  Point  Concentration 

Surface  Soil' 

(pg/S) 

Subsurface  Soil' 

(pg/S) 

PYR 

0.168 

6.2 

SE 

0.618 

1.77 

S04 

- 

280 

TRCLE 

- 

0.23 

TXLEN 

- 

39.5 

ZN 

1040 

1253.94 

=  Not  idontifMd  as  a  compound  of  potential  concern. 

Exposure  point  concentrations  is  the  9Sth  percentile  concentration. 

pg/g  =  micrograms  per  gram;  equivalent  to  parts  par  million  (ppm). 

'  Assessment  of  surface  soil  contamination  was  performed  using  samples  PBS-91-01  through  RBS-dVlOS.  In  addition,  the 

upper  portions  of  samples  PBS-91-109  through  PBS'91-1 14  were  used  to  assess  contamination  of  surface  soil  by  24DNT. 
260NT,  C8H6,  and  CCL3F. 

’  Assessment  of  subsurface  soil  contamination  from  0  to  12  feet  was  performed  using  data  from  the  following  borings,  test 

pits,  and  surface  soil  samples:  LOB-9C«)1.  LOB-9(M)2,  P8B-9<W)1,  PBB-9(W)2,  PBT-9(M)1  through  PBT-9(M)8.  PBB-91-01 
through  PBB-91-07,  and  the  deeper  samples  from  PBS-91-109  through  PBS-91-1 18. 


W0039213T.6A/17 


Table  6-22 

SUMMABY  OF  RISK  ESTIMATES  • 

Propellant  Burninq  Ground 

Remedial  Investigation 
Badger  Army  Amminition  Plant 


Exposure  Scenario 

Exposure  Route 

Cancer 

Risk 

Hazard 

Index 

Current  and  Future  Grounds 
Maintenance  Worker 

Soil  Ingestion 

2x10'® 

0.005 

inhalation  of  particulates  and  vapors 

2x10^ 

0.0000002 

Total  for  Grounds 
Mainteruince  Worker 

2x10^ 

0.005 

Future  Residential 

Soil  Ingestion 

8x10® 

0.8 

Future  Farmer 

Soil  Ingestion 

1x10® 

0.02 

Inhalation  of  Particulates  and 

Volatiles 

7x10® 

0.03 

Total  for  Farmer 

8x10® 

0.05 

Future  Construction  Worker 

Sofl  Ingestion 

2x10"® 

0.8 

Inhalation  of  Particulates  and 

Volatiles 

1x10'^ 

0.00007 

Total  for  Construction  Worker 

2x10^ 

0.8 

W0039213T.6B/6 
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Table  6-23 

Compounds  of  Potential  Concern  - 
■TTLiNG  Ponds  and  Spoils  Disposal  Area 


Remedial  Investigation 

Badger  Army  Ammunition  Plant 
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Table  6-23 

Compounds  of  Potential  Concern  - 
Settling  Ponds  and  Spoils  Disposal  Area 


Remedial  Investigation 

Badger  Army  Ammunition  Plant 
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Table  6>23 

Compounds  of  Potential  Concern  > 
Settung  Ponds  and  Spoils  Disposal  Area 


Table  6>24 

Summary  of  Risk  Estimates  - 
Settung  Ponos  and  Spoils  Disposal  Area 


Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Cancer 

Hazard 

Exposure  Scenario 

Exposure  Route 

Risk 

Index 

» 

Final  Creek  Outflow 

Current  and  Future  Grounds  Maintenance 
Worker 

Sol  Ingestion 

4x10^ 

0.0002 

Inhalation  of  Participates  and  Vapors 

2x10" 

0.0000004 

1 

Total  Grounds  Maintenance  Worker 

4x10^ 

0.0002 

Future  Residential 

Soil  Ingestion 

2x10^ 

0.03 

Future  Construction  Worker 

Soil  Ingestion 

7x10® 

0.01 

Inhalation  of  Particulates  and 

VolatHes 

4X10 

0.0009 

1 

Total  Construction  Worker 

7x10^ 

0.06 

Final  Creek 

Current  and  Future  Grounds  Maintenance 
Worker 

SoH  Ingestion 

1X10^ 

0.0004 

1 

Inhalation  of  Particulates  and  Vapors 

ND 

ND 

Total  Grounds  Maintenance  Worker 

IXIO'® 

0.0004 

Future  Residential 

Sol  Ingestion 

5x10® 

0.06 

Settling  Pond  1 

> 

Current  and  Future  Grounds  Maintenance 
Worker 

Soil  Ingestion 

5x10^ 

0.008 

Inhalation  of  Particulates  and  Vapors 

ND 

ND 

Total  Grounds  Maintenance  Worker 

5x1  O'® 

0.008 

1 

Future  Residential 

Sol  Ingestion 

2x10"* 

1.0 

Future  Construction  Worker 

Sol  ingestion 

7x10^ 

0.006 

Inhalation  of  Particulates  and 

Volatiles 

ND 

ND 

I 

Total  Construction  Worker 

7x10’’ 

0.006 

I 
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continued 


Table  6-24 

SuMMAfiv  OF  Risk  Estimates  - 
SETTUNG  Potois  AND  SPOILS  DISPOSAL  AREA 

Rembmal  Investigation 
Badger  Army  Ammunition  Plant 


Ewosure  Scenario 

Exposure  Route 

Cancer 

Risk 

Hazard 

l»«)EX 

Settling  Pond  2 

Cuirent  and  Future  Grounds  Maintenance 
Worker 

Soil  Ingestion 

2x10^ 

0.0004 

Inhalation  of  Particulates  and  Vapors 

ND 

ND 

Total  Grounds  Maintenance  Worker 

2X10^ 

0.0004 

Future  Residential 

Soil  Ingestion 

8x10'® 

0.06 

Future  Construction  Worker 

SoB  Ingestion 

3x10^ 

0.004 

Inhalation  of  Particulates  and 

VoiatBes 

ND 

ND 

Total  Construction  Worker 

3x10® 

0.004 

Settling  Pond  3 

Current  and  Future  Grounds  Maintenance 
Worker 

SoB  Ingestion 

9x1  O'® 

0.0002 

Inhalation  of  ParticiBates  and 

Vapors 

ND 

ND 

Total  Grounds  Maintenance  Worker 

9x10^ 

0.0002 

Future  Residential 

SoB  Ingestion 

4x10"® 

0.03 

Future  Construction  Worker 

SoB  Ingestion 

1x10"® 

0.002 

Inhalation  of  Particulates  and 

VoiatBes 

ND 

ND 

Total  Construction  Worker 

1x1  O'® 

0.002 

Settling  Pond  4 

Current  and  Future  Grounds  Maintenance 
Worker 

SoB  Ingestion 

ND 

0.00002 

Inhalation  of  Particulates  and  Vapors 

ND 

ND 

Total  Grounds  Maintenance  Worker 

ND 

0.00002 

Future  Residential 

SoB  Ingestion 

ND 

0.003 
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Table  ft-24 

Summary  of  Risk  Estimates  • 

SETTUNG  POMiS  ANO  SPOILS  DISPOSAL  AREA 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Exposure  Scenario 

Exposure  Route 

Cancer 

Risk 

Hazard 

Index 

SpoVs  Disposal  Area  1 

Current  and  Future  Grounds  Maintenance 
Worker 

Soil  Ingestion 

3x10^ 

0.0009 

Inhalation  of  Particulates  and  Vapors 

ND 

ND 

Total  Grounds  Maintenance  Worker 

3x10'^ 

0.0009 

Future  Residential 

Soil  Ingestion 

1x10^ 

0.1 

Spoils  Disposal  Area  2 

Current  and  Future  Grounds  Maintenance 
Worker 

Soil  Ingestion 

3x10^ 

0.0004 

Inhalation  of  Particulates  and  Vapors 

ND 

ND 

Total  Grounds  Maintenance  Worker 

3x10® 

0.0004 

Future  Residential 

Soil  Ingestion 

1x10'® 

0.06 

Spoils  Disposal  Area  3 

Current  and  Future  Grounds  Maintenance 
Worker 

SoH  Ingestion 

3x10® 

0.0002 

Inhalation  of  Particulates  and  Vapors 

ND 

ND 

Total  Grounds  Maintenance  Worker 

3x1  O'® 

0.0002 

Future  Residential 

Sofl  Ingestion 

1x10^ 

0.03 

Spoils  Disposal  Area  4 

Current  and  Future  Grounds  Maintenance 
Worker 

Soil  Ingestion 

2X10® 

0.0002 

Inhalation  of  Particulates  and  Vapors 

ND 

ND 

Total  Grounds  Maintenance  Worker 

2x10^ 

0.0002 

Future  Residential 

SoH  Ingestion 

8x10^ 

0.02 

W003921Tr.l380\6 


continued 


Table  6>24 

Summary  of  Risk  Estimates  • 
Settung  Ponds  and  Spoils  Disposal  Area 

Rembml  Investigation 
Badger  Army  Ammunition  Plant 


Exposure  Scenario 

Exposure  Route 

Cancer 

Risk 

Hazard 

Index 

Spoils  Disposal  Area  5 

Current  and  Future  Grounds  Maintenartce 
Worker 

Sol  Ingestion 

7x10’^ 

0.0002 

Inhalation  of  Particulates  and  Vapors 

ND 

ND 

Total  Grounds  Maintenance  Worker 

7x10'^^ 

0.0002 

Future  Residential 

Sol  Ingestion 

3x10 

0.03 

Noim: 

NO  -  Not  d«tafmin«d  •  no  toxicity  vNum  availabla  for  compounds  of  potential  concern. 
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Table  ft-25 

COMPAHISON  OF  GROUNDWATER  TO  STANDARDS 

Units:  //g/l 

Propellant  Burning  Ground/Landfill  I/Settunq  Ponds  and  Spoils  Disposal  Area 
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TABtf  6-25 

Comparison  op  Groundwater  to  Standards 
Units:  i«g/l 

Propeuant  Burning  Ground/Landfill  i/Settlinq  Ponds  and  Spoils  Disposal  Area 
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A/g/l  =  micrograms  per  Itter  ES  =  Enforcement  Standard 

SDWA  =  Safe  Drinking  Water  Act  PAL  =  Preventive  Action  Limit 

MCL  =  Maximum  Contaminant  Level  TT  =  Treatment  technique  requirement  in  effect 

MCLG  -  Maximum  Contaminant  Level  Goal  Copper  action  level  -  1 ,300  jug/f 

W1  =  Wisconsin  Lead  action  level  -  15  pg/l 


Table  6-26 

Ecological  Contamimants  of  Concern*  - 
Propellant  Burning  Ground 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Compound 

Frequency 

Exposure  Point  Concentration* 

Surface  Soil‘d 

24DNT 

16:114 

10.7 

2MNAP 

2:13 

0.452 

AS 

83:108 

9.45 

B2EHP 

1:13 

6.2 

BAANTR 

1:13 

0.204 

Cehte 

8:114 

0.42 

CHRY 

1:13 

3.68 

CR 

108:108 

49.8 

CU 

108:108 

344 

DEP 

7:13 

6.2 

DNBP 

4:13 

6.35 

PANT 

2:13 

0.2 

HG 

31:108 

0.334 

Nl 

108:108 

27.3 

NNDPA 

3:13 

30.8 

PB 

108:108 

2,700 

PHANTR 

3:13 

1.32 

PYR 

1:13 

0.168 

SE 

10:108 

0.618 

ZN 

108:108 

1,040 

Notes: 

*  Constituents  selected  based  on  criteria  presented  in  Table  0-5  and  discussed  in  Section  5.0. 

*  95th  percentile  or  maximum;  unit^  in  ;yg/g 

‘  Assessment  of  surface  soil  contamination  was  performed  using  samples  PBS-91-01  through  PBS-91-108.  In  addition,  the  upper 
portions  of  samples  PBS-91-109  through  PBS-91-1 14  were  used  to  assess  contamination  of  surface  soil  by  24DNT,  26DNT.  C6H6, 
and  CCL3F. 
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Table  6-27 

Ecological  Contaminants  of  Concern*  - 
Final  Creek  Area 

Remedial  iNVESTiGATtON 
Badger  Army  AitMUUNmoN  Plant 


Compound 

Frequency 

Exposure  Point  Concentration* 

Surface  Sol^ 

PB 

8:8 

40 

SN 

7:8 

63 

NIT 

8:8 

11 

NH3 

8:8 

1,800 

S04 

4:8 

260 

24DNT 

5:8 

6 

260NT 

6:8 

40 

DEP 

2:8 

0.13 

DNBP 

5:8 

26 

DPA 

6:8 

15 

2NNDPA 

3:8 

2 

NC 

3:8 

740 

Nq«m: 


*  Constituants  salacted  basad  on  critaria  presanted  in  Tabla  and  discussed  in  Section  5.0. 

'  9Sth  parcentila  or  maximum;  units  in  pg/g. 

‘  Assessment  of  surface  soil  contamination  (0  to  2  feat)  was  performed  using  data  from  samples  FC-1  through  FC-6. 
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Table  6-28 

Ecological  Contaminakts  of  Concern*  • 
Settung  Pono  1 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


CoMPOum 


Frequency 


Exposure  Point  Concentration* 

180 

57 

13 

740 

2.500 

172 

26 

460 

14 
10 

0.97 

60.000 


Nota«: 

*  ConstitiMnts  Miected  based  on  criteria  presented  in  Table  Q-7  and  discussed  in  Section  5.0. 

'  95th  percentile  or  maximum;  units  in  pg/g. 

‘  Assessment  of  surface  soil  contamination  (0  to  2  feet)  was  performed  using  data  from  samples  FPI-1  through  FPI-14.  and  51201 
through  Si  204. 
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Table  fr-29 

Ecological  Contaminants  of  Concern*  - 
Settling  Pond  2 

IteMEouu.  Investigation 
Badger  Army  AiMiuNmoN  Plant 


Compound 

Frequency 

Exposure  Point  Concentration* 

PB 

3:3 

250 

SN 

3:3 

53 

NIT 

3:3 

43 

NH3 

3:3 

840 

S04 

1:3 

64 

24DNT 

1:4 

7.6 

26DNT 

1:4 

135 

DEP 

1:4 

0.74 

DNBP 

1:3 

1.5 

DPA 

1:3 

1.5 

NC 

2:3 

280 

Not**: 


*'  Constitu0nts  selacted  based  on  crHeria  presented  in  Table  0-8  and  discussed  in  Section  S.O. 

'  9Stb  percentile  or  maximum:  units  in  pg/g. 

*  Assessment  of  surface  soil  contamination  (0  to  2  feet)  was  performed  using  data  from  samples  FPII-1  through  FPII-3  and  S1205. 
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Table  ft-30 

Ecological  CONTAMiNANrs  of  Concern* 
Settung  Pono  3 

Remedial  Investigation 
Badger  Army  Amawnition  Plant 


Compound 

Frequency 

Exposure  Point  Concentration* 

sgriasg?# 

PB 

15:15 

34 

SN 

15:15 

72 

NIT 

15:15 

4.9 

NH3 

15:15 

520 

S04 

2:15 

36 

24DNT 

1:16 

2.6 

26DNT 

1:15 

1.5 

DEP 

1:16 

44 

ONBP 

5:16 

17.4 

DPA 

4:15 

2.8 

NC 

2:15 

190 

Natas: 


*  Constituants  salacted  basad  on  critaria  presented  in  Table  0-9  and  discussed  in  Section  5.0. 

*  95th  parcantila  or  maximum;  units  in  pg/g. 

‘  Assassmant  of  surface  soil  contamination  (Oto  2  feat)  was  performed  using  data  from  samples  FPIII-1  through  FPIII-15  and  S1206. 
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TAaLE»>31 

Ecouxucal  Contamnmmts  of  Concern*  • 
ScTTUNQ  Pond  4 


Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Compound 

Frequency 

Exposure  Point  Concentration* 

Surface  Soa^ 

AL 

11:11 

60,000 

PB 

11:11 

300 

SN 

11:11 

77 

NIT 

10:11 

10 

NH3 

10:10 

960 

S04 

3:11 

400 

DPA 

1:10 

0.36 

NC 

2:11 

1,038 

*  ConstittMnts  seiactad  basad  on  cntaria  praaantad  in  Tabla  Q-tO  and  discusaad  in  Saction  S.O. 

*  95th  parcantila  or  maximum;  units  in  ^/g. 

‘  Assassmant  of  surfaca  soil  contamination  (0  to  2  faat)  waa  padormad  using  samplas  FPIV-1  through  FPIV-10  and  S1207. 
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Table  6-32 

Ecological  CoirrAMiNANTS  of  Concern* 
Spoils  Disposal  Area  1 

Remedial  investigation 
Badger  Army  ammunition  Plant 


Compound 

Frequency 

Exposure  Point  Concentration* 

PB 

5:5 

249 

SN 

5:5 

3.68 

ZN 

5:5 

212 

BR 

2:2 

12 

CL 

5:5 

19 

NIT 

5:5 

16 

S04 

5:5 

146 

CH2CL2 

3:3 

0.01 

240NT 

3:3 

12 

260NT 

1:1 

1 

B2EHP 

1:1 

0.35 

DNBP 

5:5 

51 

DNOP 

1:1 

8.6 

DPA 

4:4 

24 

NC 

5:5 

11,000 

NG 

1:1 

19 

NotM: 


*  Constituents  selected  based  on  criteria  presented  in  Table  Q-11  and  discussed  in  Section  S.O. 

'  95th  percentile  or  maximum;  units  in  /ig/g. 

'  Assessment  of  surface  soil  contamination  (0  to  2  feet)  was  perforntied  using  samples  SD1-1  through  SDl-5. 
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TAaL£6-33 

Ecol  'xucal  Coktammahts  of  Concern*  • 
Sfom^  Disposal  Area  2 

tiLi.'i’OIAL  INVESTIQATION 

Badges,  /^rmy  Ammumitiow  Plant 


COMPOONO 

Frequency 

Exposure  Point  Concentration* 

Surface  Sdf 

PB 

5:5 

373 

SN 

5:5 

4.04 

ZN 

5:5 

748 

BR 

1:1 

4 

CL 

5:5 

23 

NIT 

5:5 

10 

S04 

5:5 

130 

CH2CL2 

3:3 

012 

24DNT 

4:4 

1.3 

DNBP 

5:5 

5.8 

DPA 

5:5 

3.2 

NC 

5:5 

8.000 

NoMa: 


‘  ConstitiMnts  salactad  basad  on  crittria  prasanted  in  Tabk)  0-12  and  discussad  in  Saction  5.0. 

'  95th  parcantila  or  maximum:  units  in  pg/g. 

‘  Assassmant  of  surtaca  soil  contamination  (0  to  2  taat)  was  parformad  using  samplas  S02-1  through  SD2-5. 
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Table  6-34 

Ecological  Contammakts  of  Concern*  - 
Spoh^  Disposal  Area  3 


RaSEOIAL  iNVESTtGATtON 

Badger  Army  Ammunition  Plant 


Compound 

Frequency 

Exposure  Point  Concentration* 

Surface  Son*' 

PB 

10:10 

67 

SN 

10:10 

5.8 

ZN 

10:10 

251 

CL 

10:10 

17 

NIT 

10:10 

22 

S04 

10:10 

75 

CH2CL2 

1:1 

0.025 

24DNT 

5:5 

1.1 

DNBP 

9:9 

4 

DPA 

5:5 

2.2 

NC 

10:10 

3.800 

NotM; 

*  Constituents  selected  based  on  criteria  presented  in  Table  0-13  and  discussed  in  Section  5.0. 

'  9Sth  percentile  or  maximum:  units  in  pg/g. 

‘  Assessment  of  surface  soil  contamination  (0  to  2  feet)  was  performed  using  samples  from  SD3-1  through  SD3-10. 
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Table  6-35 

ECOtOQtCAL  CONTAMIMANTS  OF  CONCERN*  • 

Spoils  Disposal  Area  4 

Remedial  Investigat'on 
Badger  Army  Ammunition  Plant 


Compound 

Frequency 

Exposure  Point  Concentration* 

PB 

10:10 

120 

SN 

10:10 

1.64 

ZN 

10:10 

204 

CL 

9:9 

13 

NIT 

10:10 

12 

S04 

10:10 

139 

CH2CL2 

4:4 

0.01 

24DNT 

1:1 

0.7 

B2EHP 

1:1 

0.32 

DNBP 

4:4 

4.4 

DNOP 

3:3 

0.63 

DPA 

1:1 

1.1 

NC 

9:9 

3,000 

NoIm: 

*  Constituants  selacted  based  on  criteria  presented  in  Table  Q-14  and  discussed  in  Section  5.0. 

'  9Sth  percentile  or  maximum;  units  in  ^/g. 

‘  Assessment  ol  surface  soil  contamination  (0  to  2  feet)  was  performed  using  samples  from  S04-1  through  SD4-10. 
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Table  6-36 

Ecological  Contabmnants  of  Concern*  • 
Spoils  Disposal  Area  5 

Remedial  Investkution 
Badger  Army  AiMHiNmoN  Plant 


Compound 

Frequency 

Exposure  Point  Concentration* 

Suftace  Sol'^ 

PB 

8:8 

102 

SN 

10:10 

1.94 

ZN 

9:9 

306 

BR 

1:1 

16 

CL 

9:9 

18 

NIT 

10:10 

18 

S04 

10:10 

38 

CH2CL2 

3:3 

0.01 

DNBP 

7:7 

6.5 

DNOP 

1:1 

0.2 

DPA 

3:3 

2.4 

NC 

8:8 

11,000 

No«m: 


*  Constituents  selected  based  on  criteria  presented  in  Table  0-15  and  discussed  in  Section  5.0.  > 

'  95th  percentile  or  maximum;  units  in  >/g/g. 

*  Assessment  of  surface  soil  contamination  (0  to  2  feet)  was  performed  using  samples  from  SD5-1  through  SD5-10. 
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TaBU»>37 

Summary  of  Risk  Evaluation  for  Terrestrial  Receptors  • 
Propellant  burning  Ground 

Remedial  Mvestigation 
Badger  Army  ammunition  Plant 


Hazard  Indices* 

Receptor 

Acute  Risk* 

Chronic  Risk* 

Short-tailed  shrew 

S.SE  +  03 

1.1E+05 

Eastern  meadowlark 

2.86+02 

2.0E  +  03 

Garter  snake 

3.86  +  02 

6.3E+03 

Red  fox 

2.26  +  01 

3.7E+01 

Red-tailed  hawk 

2.56  +  02 

2.4E+02 

Notts: 

*  Sum  of  tho  individual  Hazard  Quotiams  for  each  surface  soli  contaminant  of  concern:  each  HO  calculated  by  dividing  the 
estimated  exposure  dosage  by  the  Reference  Toxicity  Value  (RTV).  Hazard  Quotients  are  presented  in  Appendix  R,  Tables  R-31 
and  R-32  for  acute  and  chronic  oxoosures,  respectively. 

'  Based  on  comparison  to  acute  RTVs. 

‘  Based  on  comparison  to  chronic  RTVs. 
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Table  6-38 

Summary  of  Risk  Evaluation  for  Terrestrial  Receptors  - 
Settung  Ponds  and  Spoils  Disposal  Area 


Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Hazard  Indices* 

Receptor 

Acute  Risk* 

Chronic  Risk‘d 

Final  Creek  Area 

Short-tailed  shrew 

8.0E  +  01 

2.6E-f03 

Eastern  meadowlark 

2.0E  +  00 

28E-^00 

Garter  snake 

3.9E-t-00 

S.lE-t-OI 

Red  fox 

5.  IE-1 

2.2E-1 

Red-tailed  hawk 

5.5E-01 

2.4C-02 

Settlino  Pond  1  Area 

Short-tailed  shrew 

3.5E  +  02 

7.8E  +  03 

Eastern  meadowlark 

8.3E-(-00 

2.4E-t-01 

Garter  snake 

1.7E+01 

3.9E-K02 

Red  fox 

2.3E-t-00 

3.8E-t^00 

Red-tailed  hawk 

2.0E  +  00 

7.5E-01 

Settlino  Pond  2  Area 

Short-tailed  shrew 

4.7E+02 

1.0E-f04 

Eastern  meadowlark 

I.IE-t-01 

3.2E■^01 

Garter  snake 

2.4E-1-01 

5.1E  +  -01 

Red  fox 

6.6E-01 

8.5E-01 

Red-tailed  hawk 

1.9E+00 

2.6E-01 

Settlino  Pond  3  Area 

Short-tailed  shrew 

6.8E  +  01 

2.5E-^03 

Eastern  meadowlark 

1.7E-t-00 

6.4E-^00 

Garter  snake 

3,4E+00 

1.3E-I-02 

Red  fox 

2.0E-01 

3.5E-K00  ' 

Red-tailed  hawk 

5.5E-01 

2.7E-01 

Settlino  Pond  4  Area 

Short-tailed  shrew 

6.7E-t-02 

1.4E  +  04 

Eastern  meadowlark 

2.0E-t-01 

1.0E-I-02 

Garter  snake 

3.3E-t-01 

6.8E-t-02 

Red  fox 

3.5E-HOO 

5.6E-KX) 

Red-tailed  hawk 

1.1E+01 

4.6E-I-00 

SdoHs  OiSDOsal  Site  1  Area 

Short-tailed  shrew 

6.6E-t-02 

1.3E-t-04 

Eastern  meadowlark 

1.5E-(-01 

4.3E-(-01 

Garter  snake 

3.3E-t--1 

6.63 02 

Red  fox 

1.7E  +  00 

2.5E-01 

Red-taHed  hawk 

5.5E-t-00 

3.3E-01 

SDOils  DiSDOsal  2  Area 

Short-tailed  shrew 

7.2E+02 

1.4E-t-04 

Eastern  meadowlark 

1.7E-t-01 

3.4E-t-01 

Garter  snake 

3.6E-t-01 

4.9E  +  02 
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continued 


Table  6-38 

Summary  of  Risk  Evaluation  for  Terrestrial  Receptors  - 
Settling  Ponds  and  Spoils  Disposal  Area 


Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Hazard  Indices'^ 

Receptor 

ACUTE  Risk* 

Chronic  Risk*’ 

Red  fox 

3.1E+00 

2.3E-01 

Red-tailed  hawk 

1.1E+01 

3.5E-01 

SdoAs  OisDosal  3  Area 

Short-tailed  shrew 

1.3E  +  2 

2.6E-I-03 

Eastern  meadowlark 

3.3E  +  00 

5.7E-i^00 

Garter  snake 

6.7E-i-00 

7.9E-I-01 

Red  fox 

8.7E-01 

7.2E-02 

Red-tailed  hawk 

3.2E-h00 

7.7E-02 

Sooiis  Disoosal  4  Area 

Short-tailed  shrew 

2.3E-h02 

4.6E-H03 

Eastern  meadowlark 

5.5E-I-00 

1.5E  +  01 

Garter  snake 

1.2E-h01 

2.3E-i^02 

Red  fox 

1.1E  +  00 

1.2E-01 

Red-taUed  hawk 

3.8E-h00 

1.7E-01 

SdoIIs  Disoosal  S  Area 
Short-tailed  shrew 

2.0E  +  02 

3.9E  +  03 

Eastern  meadowlark 

4.9E+00 

1.4E-I-01 

Garter  snake 

I.OE-hOI 

1.9E-h02 

Red  fox 

1.4E+00 

1.4E-01 

Red-taHed  hawk 

5.2E  +  00 

2.1E-01 

NoIm: 


*  Sum  of  the  individual  Hazard  Quotients  for  each  surface  soil  contaminant  of  concern:  each  HQ  calculated  by  dividing  the 
estimated  exposure  dosage  by  the  Reference  Toxicity  Value  (RTV).  Hazard  Quotients  are  presented  in  Appendix  R,  Tables  R-33 
through  R-52. 

'  Based  on  comaprison  to  acute  RTVs. 

Based  on  comparison  to  chronic  RTVs, 
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FIGURE  6-7 
GEOPHYSICAL  SURVEY  AREA 
1949  PIT  AREA 
PROPELLANT  BURNING  GROUND 
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- ABB  Environmental  Services,  Inc. 
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FIGURE  6-9 
EXPLORATION  LOCATIONS 
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(APPENDIX  F}. 
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FIGURE  6-20 

PROPELLANT  BURNING  GROUND  MODEL  GRID 

REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 

- ABB  Environmental  Services,  Inc.. 
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FIGURE  6-24 
INTERPRETIVE  PB  DISTRIBUTION 
IN  SURFACE  SOILS 
AT  THE  RACETRACK  AREA 
PROPELLANT  BURNING  GROUND 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
- ABB  Environmental  Services.  Inc.- 
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REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
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FIGURE  6-38 
26DNTAND  NNDPA 
DETECTED  IN  GROUNDWATER 
PROPELLANT  BURNING  GROUND, 

LANDHLL1, 
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Summary  of  Monitoring  Wells  Installed  - 
Deterrent  Burning  Grouno/Existing  LANOFia 


Table  7-5 

Summary  of  MONtroRiNC  Wells  Logged  with  Borehole  Geophysics  - 
Deterrent  Burning  Groimo/Existing  Lanofiu 

Rembhal  Investigation 
Badger  Army  Ammunition  Plant 


Site/Well  No. 

Boring  Depth 

FROM  Top  OF 

PVC  Riser 

Approximate 
Depth  TO  Water 
FROM  Top  of 
PVC  Riser 
(fe«t) 

Date 

Logged 

Date 

Installed 

Drilung  Method 

1. 

DBN-89-04B 

190 

141 

05/09/89 

02/07/89 

Dual-wall  driven  casing 

2. 

DBM-82-02 

154 

135 

05/10/89 

03/20/82 

Mud  rotary 

3. 

DBN-89-02B 

152 

107 

05/10/89 

02/02/89 

Dual-wall  driven  casing 

4. 

ELM-89-09 

157 

140 

05/10/89 

04/13/89 

Hollow-stem  augers 

5. 

ELN-89-02B 

181 

142 

05/10/89 

04/18/89 

Dual-wall  driven  casing 

6. 

ELM-89-03 

151 

138 

05/11/89 

01/25/89 

Dual-wall  driven  casing 

7. 

ELN-89-06B 

182 

130 

05/11/89 

04/04/89 

Dual-wall  driven  casing 

8. 

OBN-82-01C 

169 

128 

05/11/89 

03/22/82 

Mud  rotary 

*DBN-89-04B 

190 

141 

05/11/89 

02/07/89 

Dual-wall  driven  casing 

9. 

ELN-82-02C 

164 

138 

05/14/89 

04/02/82 

Mud  rotary 

10. 

ELN-89-04B 

200 

149 

05/14/89 

04/03/89 

Dual-wall  driven  casing 

11. 

ELN-a2-03C 

177 

148 

05/14/89 

03/24/82 

Mud  rotary 

12. 

ELM-89-08 

147 

127 

05/14/89 

04/01/89 

Hollow-stem  augers 

•DBM-82-02 

154 

135 

05/14/89 

03/20/82 

Mud  rotary 

•DBN-89-02B 

152 

107 

05/14/89 

02/02/89 

Dual-wall  driven  casing 

•ELM-89-09 

157 

140 

05/14/89 

03/01/89 

Holiow-stem  augers 

•ELN-89-02B 

181 

142 

05/14/89 

04/18/89 

Dual-wall  driven  casing 

Noim; 


*  Walls  wera  raloggad  as  part  of  tha  Quality  Assuranca/Quality  Control  Procadures. 
PVC  =  polyvinyl  chlorida 
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TaBL£  7-6 

WEixs  Included  in  Groundwater  Sampling  ^  iogram 
Deterrent  Burning  Ground/Existing  Landfill 


Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Sites 

New  Wells 

Existing  Wells 

Deterrent  Burning  Ground 

OBM-89-01 

DBN-^-02A,B 

DBM-89-03 

DBN-89-04A,B 

DBM-89-05 

DBM-82-01 

DBM-82-02 

DBN-82-01B,C 

Si  122 

Subtotal 

7 

5 

Existing  Landfill 

ELM-89-01 

ELN-89-02A,B 

ELM-89^)3 

ELN-89-04A.B 

ELM-89-05 

ELN-89-06B 

ELM-89-07 

ELM-89-08 

ELM-89-09 

ELN-91-07A,  B 

ELM-91 -10 

ELN-82-01A.B.C 

ELN-82-02A,B,C 

ELN-82-03A,B,C 

ELN-82-04A,B.C 

51134 

51 135 

S1 153 

Subtotal 

14 

15 

TOTAL  WELLS 

21 

20 

NotM; 


AB.C.D  -  Shallowest  to  deepest:  A  indicates  shallowest  well;  0  indicates  deepest  well  in  a  well  rest. 
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TABLE  7-7 

CHEMICAL  ANALYSES  PERFORMH)  ON  QROUNDWATER  SAMPLES  - 
DETERRENT  BURNING  QROUND/EXISTINQ  LANDFILL 
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TABLE  7-7 

CHEMICAL  ANALYSES  PERFORMED  ON  BROUNDWATER  SAMPLES  - 
DETERRENT  BURNING  GROUND/EMSTINa  LANORU 


Table  7-s 

Elevation  of  Glaciolacustrine  Unit  - 
Deterrent  Burning  Grouno/Existing  Landfill 


i 


Remedial  Investigation 
Badger  Army  Ammunition  Plant 


WELL 

Designation 

Groundwater 

Elevation* 

Pr.  MSL 

Screen 
Elevation 
ft.  MSL 

Lacustrine  Silt  and  Clay 
Elevation  and  Comments 

Pt.  MSL 

DBM-89^1 

780.14 

788.6  to  768.6 

767  to  775,  sat  with  clay,  some 
fine  sand 

DBN-89-02A 

777.04 

785.3  to  765.3 

780  to  772,  stratified  silt,  clay  and 

DBN-89-02B 

776.94 

739.8  to  734.8 

sand 

DBM-89-03 

777.00 

783.4  to  763  4 

No  sit  and  day,  silty  sand  above 
gravel  at  elevation  790 

DBN-89-04A 

780.25 

782.5  to  762.5 

752  to  748,  sVt  and  day  above 

DBN-89-04B 

776.79 

735.9  to  730.9 

sand  and  gravel 

DBM-89-05 

783.89 

790.9  to  770.9 

773,  day  at  bottom  of  boring 

DBM-82-01 

777.08 

763.7  to  743.7 

777  to  754,  saty  day  above  fine  to 
coarse  sand 

DBM-82-02 

780.56 

782.3  to  762.3 

783  to  763,  silty  day  and  fine 
sarxJ 

S1122 

777.12 

780.6  to  760.6 

778  to  767,  dayey  sBt  with  some 

DBN-82-01B 

777.06 

748.2  to  746.2 

fine  sand  and  gravel 

DBN-82-01C 

777.13 

739.7  to  737.7 

ELN-91-07A 

774.88 

779.5  to  769.5 

No  sat  and  day,  only  gravelly 

ELN-91-07B 

776.90 

758.9  to  748.9 

soas  at  depth 

ELM-91 -10 

777.11 

781 .8  to  766.8 

Below  766.2  clayey  silt  with  fine 
sand  at  bottom  of  boring 

ELM-89-01 

778.05 

775.0  to  755.0 

760  to  765,  dayey  silt  above  sand 
and  gravel 

ELN-89-02A 

776.88 

780.4  to  760.4 

779  to  769,  stratified  dayey  silt 

ELN-89-02B 

776.24 

744.5  to  739.5 

with  fine  sand 

ELM-89-03 

777.00 

784.0  to  764.0 

No  silt  and  clay,  fine-medium 
sand  lenses  at  754  to  744 

ELN-89-04A 

776.86 

782.1  to  762.1 

No  silt  and  day,  fine  sand  above 

ELN-89-04B 

776.06 

730.8  to  725.8 

gravel  at  745 

ELM-89-05 

777.47 

7re.2  to  765.2 

No  silt  and  day,  bottom  of  boring 
at  758 

ELN-89-06B 

776.73 

729.1  to  724.1 

No  sat  and  day,  fine  sand  over 

S1153 

777.07 

gravel  at  776 

» 
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Table  ?-« 

Elevation  of  Glaciolacustrine  Unit  - 
DETERiiENr  BufwuNG  Grouw/Existing  Lanofiu. 

Remedial  Investigation 
Badger  Army  Amermition  Plant 


Well 

Designation 

Groundwater 

Elevation* 

Pr.  MSL 

Screen 

Elevation 

Ft.  MSL 

Lacustrine  Silt  and  Clay 
Elevation  and  Comments 

Ft.  MSL 

ELM-89-07 

776.22 

783.4  to  763.4 

No  silt  and  day,  only  gravelly 
soils  at  depth 

ELM-89-08 

776.97 

778.0  to  758.0 

No  sm  and  clay 

ELM-89-09 

779.21 

784.6  to  764.6 

No  silt  and  day,  bottom  of  boring 
at  760 

ELN-82-01A 

777.82 

780.5  to  770.5 

773  to  771 ,  dayey  sNt  at  bottom 

ELN-82-01B 

777.76 

760.6  to  758.6 

of  boring 

ELN-82-01C 

777.44 

751.0  to  749.0 

ELN-82-02A 

777.39 

781.8  to  771.8 

749  to  751,  sUty  clay  observed  in 
bottom  of  Deep  *C*  well 

ELN-82-02B 

777.43 

764.7  to  762.7 

ELN-82-02C 

777.41 

753.1  to  751.1 

ELN-82-03A 

777.28 

780.2  to  770.2 

772  to  770,  silty  day  observed  at 

ELN-82-03B 

777.11 

761.1  to  759.1 

bottom  of  boring 

ELN-82-03C 

777.11 

751.0  to  749.0 

ELN-82-04A 

778.09 

780.4  to  770.4 

SHI  and  day  at  elevation  771  in 

ELN-82-04B 

777.83 

758.5  to  756.5 

Warzyn  cross  section  (Warzyn, 

1982) 

ELN-82-04C 

777.27 

750.2  to  748.2 

NotM: 

*  Groundwater  elevations  measured  on  December  IS,  1991 
fT  MSL  «  feet,  mean  sea  level 
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Table  7-9 

Vertical  Groundwater  Gradients  • 
Deterrent  Burning  Grouno/Existing  Landfill 

Remeoml  Investigation 
Badger  Army  Ammunitidn  Plant 


WELL  Nest 

Water  Level 
Difference  (ft.)/Screen 
Separation  (ft.)* 

Vertical  Gradient 
AM)  Direction  (ft/ft) 

COHMIENT 

(Water  Level 
Difference) 

DBN-89-04A  and  B' 

3.46/40 

0.09d* 

Substantial 

DBN-89-02A  and  B 

0.10/37 

0.003d^ 

Small 

Sl122and  DBN-82-016 

0.06/22 

0.003d 

Small 

DBN-82-01B  and  C 

0.07/10 

0.007U 

Small 

ELN-91-07Aand  B 

0.02/23 

0.0009U 

Insignificant 

ELN-89-02A  and  B^ 

0.64/27 

0.02d 

ELN-89-04A  and  B 

0.80/44 

0.02d 

ELN-89-06B  and  S1153 

0.34/49 

0.008d 

ELN-82-01A  and  B 

0.06/16 

0.004d 

Small 

ELN-82-01Band  C' 

0.32/9 

0.04d 

ELN-82-02A  and  B 

0.04/14 

0.003U 

Insignificant^ 

ELN-82-02B  and  C 

0.02/11 

0.002d 

Insignificant 

ELN-82-03A  and  B' 

0.17/15 

O.Old 

Small 

ELN-d2-03B  and  C 

0.00/10 

0.00 

No  Difference 

ELN-82-04A  and  B 

0.26/18 

O.Old 

ELN-82-04B  and  C' 

0.56/8 

0.07d 

Not**: 

’  Indicates  well  nest  clearly  screened  across  fine-grained  lacustrine  soils 
^  d  =  downward  gradient 

^  u  =  upward  gradient 

*  All  measurements  based  on  December  15.  1991  water  level  measurements. 
‘  Both  wells  are  above  the  glaciolacustrine  unit 

Water  level  differences  were  concluded  to  be  insignificant  at  less  than  0.05  ft. 
Water  level  differences  were  concluded  to  be  small  at  less  than  0.2  ft. 


» 


» 


» 
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Table  7-io 

Field  Hydraulic  CoNoucnvirv  Test  Results  • 
Deterrent  Burning  Grouno/Existing  Lanofiu 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


I 


» 


WELL 

Designation 

Maxnmjm  Water 
Level  Depmession 

(FEET) 

Hydraulic 

Conductivity 

(cm/sec) 

Geologic  Conditions 

ELM-89-09 

2.3 

3x10^ 

Sand  (SP) 

ELN-82-03C 

5.1 

6x10^ 

Coarse  to  fine  sand  (SP) 

ELN-82-04A 

1.1 

3x10“* 

Medium  fine  sand  (SM) 

Si  153 

2.2 

5x10^ 

Medium  fine  sand,  some 
gravel  (SW-SM) 

Hydraulic  Conductivity  Taats  compiatad  during  March  and  Novambar,  1089,  artd  Novambar  and  Oaoantbar  1991. 

Fiald  data  and  calculations  ara  praaantad  in  Appandix  I. 

Valuas  tor  hydraulic  coruiuctivitias  raprasant  an  avaragad  valua  of  multipla  tasts  parformad  on  aach  wall. 

Watar  laval  racovary  at  thasa  walls  impactad  by  inartial  aflocts,  rasulting  in  water  level  recovery  above  static  watar  levels.  Hydraulic 
conductivity  maasuramants  may  ba  greater  than  the  calculated  values  at  these  wells. 

cm/sac  >  cantimaters  per  second 


» 


» 


» 
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Table  7-11 

Horizontal  Groundwater  Gradients  - 
Deterrent  Burning  Grouno/Existing  Landfiu 


Rsmeoial  Investigation 
Badger  Army  Ammunitkin  Plant 


Wax  Nest 

Horizontal  Gradient' 
AND  Direction  (ft/ft) 

Comment 

DBM-82-02 

ELM-89-09 

0.004 

Above  lacustrine  sft;  northeasterly  flow  vector 

DBM-89-05 

ELM-89-01 

0.005 

Above  lacustrine  sHt;  northeasterly  flow  vector 

DBN-89-04A 

ELN-82-04A 

0.003 

Above  lacustrine  silt;  northeasterly  flow  vector 

ELM-89-09 

ELN-82-03A 

0.002 

Above  lacustrine  silt;  easterly  flow  vector 

ELM-89-08 

ELN-91-07B 

0.00005 

Below  lacustrine  silt;  east-southeasterly  flow 
vector 

ELN-82-03C 

ELN-89-06B 

0.0008 

Below  lacustrine  silt;  east-southeasterly  flow 
vector 

'  All  gradients  basad  on  Dacembar  15,  1991  water  level  measurement. 
It/tt  *  feet  per  foot 
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TABLE  7- 12  r*fc2oi; 

SUMMARY  OF  SUBSURFACE  SOIL  CHEMICAL  DATA- 
DETERRENT  BURNING  GROUND/  EXISTING  LANDHLL 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 


I 


TABLE  7- 12  Pa|c4of5 

SUMMARY  OF  SUBSURFACE  SOIL  CHEMICAl.  DATA - 
DETERRENTBURNING  GROUND/  EXISTING  LANDHLL 
REMEDIAL  INVESTIGATION 
BAlDGER  ARMY  AMMUNITION  PLANT 


TABLE  7-12 

SUMMARY  OF  SUBSURFACE  SOIL  CHEMICAL  OATA- 
DETERRENT  BURNING  GROUND/  EXISTING  LANDFILL 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
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Table  7-13 

Summary  of  TCLP  Metals  Data  for  Subsurface  Soil  - 
Deterrent  Burning  Ground 

Remedial  Investigation 

Badger  Army  Ammunition  Plant 

1 

1  TCLP  Leachate  Concentration  0/g/l) 

Sample 

Location 

Depth 

CD 

CR 

PB 

HG 

Notes 

1 

TCLP  RL’ 

1,000 

5,000 

5,000 

200 

Minimum 
Reporting  Value 

6.8 

16.8 

43.4 

0.1 

1 

DBB-91-01 

2 

LT 

LT 

LT 

0.9 

TCLP  RL  not  exceeded 

DBB-91-01 

4 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

1 

DBB-91-01 

6 

LT 

LT 

LT 

0.2 

TCLP  RL  not  exceeded 

DBB  91-01 

8 

LT 

LT 

LT 

0.3 

TCLP  RL  not  exceeded 

DBB-91-01 

10 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

DBB-91-01 

15 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

1 

DBB-91-01 

20 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

DBB-91-01 

25 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

DBB-91-01 

30 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

DBB-91-01 

42 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

1 

DBB-91-01 

44 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

DBB-91-01 

52 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

DBB-91-01 

72 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

DBB-91-01 

92 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

1 

DBB-91-01 

112 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

DBB-91-01 

117 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

DBB-91-02 

4 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

DBB-91-02 

6 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

1 

DBB-91-02 

8 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

DBB-91-02 

10 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

DBB-91-02 

14 

LT 

LT 

LT 

0.8 

TCLP  RL  not  exceeded 

DBB-91-02 

16 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

DBB-91-02 

20 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

DBB-91-02 

27 

LT 

LT 

LT 

0.2 

TCLP  RL  not  exceeded 

VVD039213T.7/15 
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Table  7-13 

Summary  of  TCLP  Metals  Data  for  Subsurface  Soil  • 
Deterrekt  Burning  Ground 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


TCLP  Leachate  Concentration  Oig/i) 


Sample 

Location 

Depth 

CD 

CR 

PB 

HG 

Notes 

DBB-91-02 

42 

LT 

LT 

LT 

0.2 

TCLP  RL  not  exceeded 

OBB-91-02 

62 

LT 

LT 

LT 

0.8 

TCLP  RL  not  exceeded 

DBB-91-02 

72 

LT 

21.8 

LT 

0.3 

TCLP  RL  not  exceeded 

DBB-91-02 

92 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

DBB-91-02 

112 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

DBB-91-02 

122 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

DBB-91-03 

4 

LT 

35.9 

LT 

LT 

TCLP  RL  not  exceeded 

DBB-91-03 

8 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

DBB-91-03 

12 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

DBB-91-03 

14 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

DBB-91-03 

16 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

DBB-91-03 

18 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

DBB-91-03 

20 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

DBB-91-03 

22 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

DBB-91-03 

27 

7.9 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

DBB-91-03 

42 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

DBB-91-03 

62 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

DBB-91-03 

82 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

DBB-91-03 

102 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

DBB-91-03 

122 

LT 

LT 

LT 

LT 

TCLP  RL  not  exceeded 

Noim; 

'  TCLP  Regulatory  Levels  (RLs)  exist  for  the  following  metals:  AS,  BA,  CD,  CR,  SE,  PB,  HG,  and  AG.  However,  these  results  were 
reported  only  for  CD,  CR,  PB,  and  HG.  (List  of  USATHAMA  Chemical  Codes  for  definitions  of  chemical  abbreviations). 
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SUMMARY  OF  GROUNDWATER  CHEMICAL  DATA  - 
DETERRENT  BURNING  GROUND/  EXISTING  LANDFILL 
REMEDIAL  INVESTIGATION 


Notes  end  flagging  codes  are  presented  at  the  end  of  this  table. 


TABLE  7- 14  P(|c  5  ol  9 

SUMMARY  OF  GROUNDWATER  CHEMICAL  DATA  - 
DETERRENT  BURNING  GROUND/  EXISTING  LANDFILL 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 


Notes  anil  flagging  codes  are  presently  at  the  end  of  this  table. 
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SUMMARY  OF  GROUNDWATER  CHEMICAL  DATA  - 
DETERRENT  BURNING  GROUND/  EXISTING  LANDFILL 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 


Notes  and  flagging  codes  are  presented  at  the  end  of  this  table. 


Notes  and  flagging  codes  are  presented  at  (he  end  of  (lits  table. 
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Table  7-15 

Chemical  and  Physical  Properties  of  Major  Organic  Contaminants  - 
Deterrent  Burning  Ground/Existing  Landfill* 


Sea  List  ol  USATHAMA  Chemical  Codes  for  definitions  of  chemical  abbreviations. 


TabUE  7-16 

Estimates  Distances  traveled  by 
Organic  Contaminants  in  Groundwater 


I 


NA  =  not  applicable  ml/g  milliliters  per  gram  See  list  o(  USATHAMA  Chemical  Codes  for  definitions  of  chemical 

tt/yr  =  feet  per  year  g/mf  -  grams  per  milliliters  abbreviations 


Table  7-17 


Compounds  of  Potential  Concern 

Deterrent  Burning  Ground 

Subsurface  Soil’ 

Remedial  Investigation 

Badger  Army  Ammunition  Plant 

Compound 

Exposure  Point  Concentration 

AfS/g 

24DNT 

37,000 

26DNT 

1,400 

3NT 

6.9 

AS 

7.88 

B2EHP 

4.35 

C6H6 

5.25 

CR 

13.2 

DNBP 

62 

PANT 

0.139 

MEC6H5 

0.138 

Nl 

10.2 

NIT 

18.7 

NNDPA 

2,200 

PHANTH 

0.183 

PYR 

0.144 

S04 

5.19 

TXYLEN 

0.001 

ZN 

26.7 

Now*: 

Exposure  point  concentration  is  the  maximum  detected  concentration. 

>/g/g  =  milligrams  per  gram,  equivalent  to  parts  per  million  (ppm) 

'  Assessment  of  subsurftoe  soil  oontaminalion  (2  to  12  feet)  was  pertcrmed  using  samples  from  borings 

DBB-91-01  through  DBB-91-03. 


TaB1£  7-18 

SuMMARV  OF  Risk  Estimates 
DETERRE»rr  Burning  Ground 


Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Exposure  S<%nario 

Exposure  Route 

Cancer 

Risk 

Hazard 

Index 

Future  Construction  Worker 

Soy  Ingestion 

1x1  O'* 

0.2 

Inhaiatton  of  Particulates 

4X10’® 

0.000009 

Total  for  Construction  Worker 

1x10"* 

0.2 

WD039213T.7/18 


Table  7-19 

Comparison  of  Groundwater  to  Standards 
Units:  pg/£ 

Deterrent  Burning  Ground/Existing  Landfill 


I 


» 


I 


I 


I 


» 


I 


I 


I 


I 


I 
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(APPENDIX  F). 


SCALE  IN  FEET 


FK 

SITE  LOCATION  P| 
SOIL  BORING  AND  MONITORING  WELL  LO( 
DETERRENT  BURNMG  GROUND  AND  EXISTING  L 

REMEDIAL  INVEST 
BADGER  ARMY  AMMUNITia 
—  .  -  ABB  Envinonmemal  S< 


FIGURE  7-1 
SITE  LOCATION  PLAN  AND 
SOIL  BORING  AND  MONITORING  WELL  LOCATIONS 
DETERRENT  BURNMG  GROUND  AND  EXISTING  LANDFILL 

REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
. . . .  ■-■■■■■  1 1  I  ABB  Bivironmental  ServiOM,  Inc.- 


LCftPMn 

TOP  EDGE  OF  SLOPE 

NOTES: 

1.  BASE  PLAN  FROM  300  SCALE  SnE  PLAN 

O 

AnEAOFAcnvmr 

PflOVVEDBVOLMCOnPORArKJN. 

1  CNRONOLOQCAL  EVOLUTION  BASED  ON 

ACCESS  ROAD 

AIR-PHOTO  NTERPRETATION.  SEE 

SECTION  7.1. 

MOUNDED  IMTERIAL 

FIXED  AREA 

■ 

MTERPHETED  DETERRENT  aURNMQ  PIT  | 

Jun028, 1955 


Aprtl24,1974  I 


FI 

CHRONOLOGICAL  EVOLI 
THE  DETERRENT  BURNING 
REMEDIAL  INVES 
BADGER  ARMY  AMMUNITIO 

- ABB  Environmental  Sd 


FIGURE  7-2 

CHRONOLOGICAL  EVOLUTION  OF 
THE  DETERRENT  BURNING  GROUND 
REMEDIAL  INVESTIGATON 
BADGER  ARMY  AMMUNITION  PLANT 

Environmental  Services,  inc.< 


J-]- 


NOTES: 

1.  BASE  PLAN  FROM  SOO^ALE  SITE  PLAN 
PROVIDED  BY  OUN  CORPORATION. 

2.  LOCATION  OF  BORINGS  AND  MONITDRINQ 
INELL5  FROM  MEP  (TSAI.  1968). 


»-SCALESITEPlAN 
CORPORATION. 
GSANDMONITORINQ 
SM.  1988). 


FIGURE  7-3 

LOCATION  OF  PREVIOUS  EXPLORATIONS 
DETERRENT  BURNING  GROUND  AND  EXISTING  LANDFILL 

REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 

—  —  abb  Environmental  Sennces,  Inc.- 


FIGI 

CHRONOLOGICAL  EVOLUTION  OF  THE  EXISTING  LA 

REMEDIAL  INVESTI 
BADGER  ARMY  AMMUNITION 

-  ■■  — ABB  Environmental  Sem 


June  28, 1955 


figure  7-4 
XISTiNG  LANDFILL 
AL INVESTIGATON 
^MUNITION  PLiWT 

fonmental  S6fvices,  Inc.- 


EXISTING  DETERRENT  BURNING 
GROUND  DEPRESSION 


legend 

‘  ■  TERRAIN  CONDUCTIVITY 
•  ■  SURVEY  POINT 

-  GPR  TRANSECT 

NOTES: 

1.  BASE  PLAN.  SURVEY  POINTS.  AND 
TRANSECTS  ESTABLISHED  BY  ABB-ES 
BY  TAPE  AND  CO»«»ASS  TECHNIQUE. 

SCALE  IN  PEET 


>  Access  , 


rs 

I  ;o; 


FIGURE  7-6 
GEOPHYSICAL  SURVEY  AREA 
DETERRENT  BURNING  GROUND 
BADGER  ARMY  AMMUNITION  PLANT 

- ABB  Environmental  Services,  fnc. 


FIGURE  7-7 

LOCATION  AND  ORIENTATION  OF  GEOLOGIC 

CROSS  SECTIONS 

DETERRENT  BURNING  GROUND  AND  EXISTING  LANDFILL 

REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 

.  1.1  ■  abb  Environmental  Services.  Inc.- 
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SAND  (SW-SP) 


SAND  AMD  ORAMB: 


SAND  <SP) 


SAND  (SP-SM) 


NOTES 

1.  SEE  nOUNE  7-7  FOR  LOCATION  AND 
ORCNIAnON  OF  FROnLESw 

S.  FROFUSAREBASKONANMTERPRETAnON 
OF  AVAR. ABLE  SUBSURFACE  DATA.  ACTUAL 
CONDITIONS  BETWKN  EXPLORATIONS  MAY 
VARY  FROM  THOSE  SHOWNl 

3L  ON  MULHPLE  WELL  NESTS.  GRAOMNTS  ARE  LISTED 
M  ORDER  OF  SHALLOW  TO  DEEP  WELLS;  U.. 

A  TO  B.  B  TO  C.  C  TO  a 

4.  WATER  LEVBS  MEASURED  M  WATBI  TABLE  WELLS 
ON  12/1S/t1  ARE  USTEO. 

5.  WATER  LEVH.  SI  SUSS  REFLECTS  A  COMBBIAnON  OF 
BOTH  SHALLOW  AND  DEB>  FLOW  SYSTBK- 

S.  LAYERED  SBJ  AND  CLAY  ORADES  TO  FBC  SAND  AND 

*  BECOME  INBCONTBRIOUB  EAST  OF  HJMS-SSa 


0BN-89-04A,BAC 


(OFFSET  ISO 
FEET  SOUTH) 


WEU  OESIGNATiON;  SUFFIXES  VEFE 
WATER  TABLE  WELL  (A)  AND  PIEZO 

OFFSET  06TANCE  OF  WELL  FROM  1 

QROUND  SURFACE 


SAND  WITH  SOLS  OESCRWTiON  AND  USCS 
GRAVEL  (SP>  CLASSPICATION 


WATER  TABLE  ELEVATION 
SCREENED  RfTERVAL 


MI-FCLO  PERMEABEJTY  TEST  RESUl 


BOTTOM  OF  EXPLORATION 


MI.05  ft/ft  [  GROUNDWATER  VERTICAL  GRADIcM 


ALE 


0  SSO  4S0FEET 

VERTICAL  EXABGBIAnON  IS 


iTSS-tS 


LAVeRED  SU  AND  8AMD  (ML-SM) 


SAND  (SP) 


*K:=1E*2 

BOe 

MMIIft/fti 

i-0.00 


FME 


QRAVEL 

(GP) 


WELL  DESIGNATION;  SUFFIXES  REFER  TO 
WATER  TABLE  WELL  (A)  AND  PCZOMETER  (BAC) 

OFFSET  OOTANCE  OF  WELL  FROM  TRANSECT 

GROUND  SURFACE 

SOB^  DESCRmON  AND  USCS 
I  CLASSnCATION 

WATER  TABLE  ELEVATION 

SCREENED  BITERVAL 

M-FELD  PERMEABRJTY  TEST  RESULT  M  eni/Me 

BOTTOM  OF  EXPLORATK)N 
GROUNDWATER  VERTICAL  GRADIENT 


GEOLOGIC  CROSS  SE 
DETERRENT  BURNING  GROUND  AND  EXISTIN 

REMEDIAL  INVE 
BADGER  ARMY  AMMUNIT 


SAND  (SP-SM) 


h-tTS 


I- MS 


t-rm 


hTSO 


«-72S 


FIGURE  7-8 
6EOLCXSIC  CROSS  SECTION  D-0' 
DETERRENT  BURNING  GROUND  AND  EXISTING  LANDFILL 

REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 


K=3E*2 


LAYERED  SILT  AND  CLAY  (ML-CL) 


SAND  AND  GRAYEL  (SP-GP) 


E|K-6E-2 


BOE 


LEGEND 

0BN-89-04A  B&C  WELL  DESIGNATION;  SUFFIXES  REFER  TO 

'  WATER  TABLE  WELL  (A)  AND  PIEZOMETER  (BSC) 

(OFFSET  120 

FEET  SOUTH)  OFFSET  DISTANCE  OF  WELL  FROM  TRANSECT 

GROUND  SURFACE 

I  SAND  WITH  SOILS  DESCRVTION  AND  USCS 
I  GRAVEL  (SP)  CLASSPICATION 


WATER  TABLE  ELEVATION 


SCREENED  INTERVAL 


K>  9E-3 


M-FELD  PERMEABILITY  TEST  RESULT  IN  cm/s*e 


200  FEET 


VERTICAL  EXABGBIAnON  IAS 


1-0.08  ft/H| 


BOTTOM  OF  EXPLORATION 
GROUNDWATER  VERTICAL  GRADIENT 


13-18 


SAND  SaXY  SAND  (SP-SM) 


"Lri»? 


SAND  (SP) 


hCTS 


i 

s 

1 

f 

3 


1-775 


SAND  AND  GfUNEL  (SP-GP) 


h755 


1.  SEE  FMURE  7-7  FOR  lOCRnON  AND  ORPtlWION  OF  PROFUS.  I 

2.  PROFUS  ARE  BAta)  ON  AN  MTBIPRCIXnON  OF  AMMLAOtE  ^ 

aUBMIRFACE  DADL  ACTUAL  OONDITIONB  BETWEEN  EXPIORAHONB 
MAT  VARY  FROM  TMOBE  BHOWNl 

X  ONMULnPl£WBJ.NmB.aRAnENTBAREUBrB>BIORDBIOF 
SNALLOW  TO  OOf  WBJJB;  iA.ATOB«BTOC,CTDO. 

4.  WATER  LEVELS  MEASURED  SI  WATai  TABLE  WELLS  ON  12/1S/S1 
ARELMTEDl 

5.  WATER  LEVEL  AT  S1122  REFLECTS  A  COSMSIAnON  OF  BOTH  SHALLOW 
AND  OOP  FLOW  SVSTBNB. 

E  LAYERED  SET  AND  CLAY  M  fNSCONTSSKWB  SI 
SOME  AREAS. 


GEOLOGIC  CROSS  SECTION  E-E' 
DETERRENT  BURNING  GROUND  AND  EXISTING  LANDFILL 

REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
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DETERRENT  BURNINQ  GROUND  AND  EXISTING  Li 

REMEDIAL  INVEST!. 
BADGER  ARMY  AMMUNITION 
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FIGURE  7-10 

tuLTWicmt.^  GEOLOGIC  CROSS  SECTION  F-F 

DETERRENT  BURNING  GROUND  AND  EXISTING  LANDFILL 

REMEDIAL  INVESTIGATION 
MT  BADGER  ARMY  AMMUNITION  PLANT 
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FIGURE  7-11 
GEOLOGIC  CROSS  SECTION  G-G' 
DETERRENT  BURNING  GROUND 
AND  EXISTING  LANDFILL 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
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GEOLOGIC  CROSS  SE 
DETERRENT  BURNING 
AND  EXISTING  L 
REMEDIAL  INVEST 
BADGER  ARMY  AMMUNITIOI 


NOTES; 
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DMBCnON 

NOnt: 

1.  IME  IMP  niOMaaMCALE  SITE  TOraORAfMC  HAN 
MOMBEO IV  OUN  OOfVOmHON. 

&  ML  water  LEma  MERE  ICAEUREO  ON  MME. 

X  OROUNOWWTERELEVATKM  AND  CONTOURS  BMEO  ON  US. 
COASTAL  AND  QEOOETS:  SUSMEV  DATUM. 


FIGURE  7-16 
REGIONAL  WATER  TABLE 
</  CONTOUR  PLAN 

^  DETERRENT  BURNING  GROUND 
AND  EXISTING  LANDRLL  (12415/91) 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
'  ABB  Environmental  Services.  Inc.- 
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X  OROUNOVMTER  ELEVATION  AND  OaNTOUmSASEO  ON  US. 
OQMTAL  AM)  OEOOETIC  SURVEY  OAnjM. 

REGIONAL  WATER  TABLE 
V  Jf  CONTOUR  PLAN 

DETERRENT  BURNING  GROUND 
AND  EXISTING  LANDRLL  (9/9/92) 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
■'  -  ABB  Environmental  Services,  Inc.- 
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UICATKM  AID  068IQ>M>Ti0N  OF 
SMQIE  MOMTORMQ  WEa 


LOCATION  AND  OESIQNATION  OF 
MONrrOflMQ  WELL  NEST 


QNOUNOWIATER  FLOWLME  WITHM 
20NE  OF  MFLUENCE  OF  BAAP  WELL 
FWM 


NOTES: 

1.  BASE  PLAN  FROM  300-SCALE  SITE  PLAN 
PROVIDED  BY  OUN  CORPORATION. 

Z  FOR  INFORMATION  ON  ZONE-OF-INFLUENCE 
DELINEATION.  SEE  DISCUSSION  IN  SECTION  7.3 . 
31  ANALYSIS  CONDUCTED  WITH  PRODUCTION 
WEa  NO.  4  PUMPING  AT  300  QAUONS  PER 
MINUTE. 


FIGURE  7-18 

PRODUCTION  WELL  NO.  4  -  ZONE  OF  INFLUENCE 
DETERRENT  BURNING  GROUND  AND  EXISTING  LANDFILL 

REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 

.  -  -  -  -  ABB  Envirorvnental  Services,  Inc.- 


NOTE: 

SEE  TABLE  7-12  AND  APPENDIX  K 
FOP  CHEMICAL  DATA  SUMMARY. 


FIGURE  7-19 
TOTAL  C6H6  CONCENTRATIONS  IN 
SUBSURFACE  SOILS 
DETERRENT  BURNING  GROUND  WASTE  PITS 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
- ABB  Environmental  Services,  Inc. 
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NOTE: 

SEE  TABLE  7-12  AND  APPENDIX  K 
FOR  CHEMICAL  DATA  SUMMARY 


FIGURE  7-20 

TOTAL  DNTs  CONCENTRATIONS  IN  SUBSURFACE  SOILS 
DETERRENT  BURNING  GROUND  WASTE  PITS 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 

- ABB  Environmental  Services,  Inc. 


TOTAL  DNTs  CONCENTRATION 
mm  >  10.000  mg/Kg 
Wmm  1.000  to  9.999  mg/kg 
•.-{■•.•.•y.-:.;  100  to  999  mg/kg 

NO  to  99  mg/kg 
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NOTE: 

SEE  TABLE  7-12  AND  APPENDIX  K 
FOR  CHEMICAL  DATA  SUMMARY. 


FIGURE  7-21 
NNDPA  CONCENTRATIONS  IN 
SUBSURFACE  SOILS 
DETERRENT  BURNING  GROUND  WASTE  PITS 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
- ABB  Environmental  Services,  Inc.- 
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FIGURE  7-22 
VOC,  SVOC,  AND  NAM  DISTRIBUTION 
IN  GROUNDWATER 

DETERRENT  BURNING  GROUND  AND  EXISTING  LANDRU. 

REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 

—  '  —  -  abb  Environmental  Services.  Inc.- 
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FIGURE  7-24 

S04  DISTRIBUTION  IN  GROUNDWATER 
DETERRENT  BURNING  GROUND  AND  EXISTING  LANDHLL 

REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 

■  ■■  — ■ —  —  ■  -  — — ABB  Enviroranental  Services,  Inc.- 
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FIGURE  7-25 

NIT  DISTRIBUTION  IN  GROUNDWATER 
DETERRENT  BURNING  GROUND  AND  EXISTING  LANDFILL 

REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 

Environmentai  Services,  Inc. — 
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Table  8*i 

Historv  of  Acid  Spills  - 
New  Acid  Area 


Remedial  Investigation 
Badger  Armv  Ammunition  Plant 


Spill 

Date 

Cause 

Material 

Amount 

(Tons) 

Control 

4/79 

Tank  leakage 

Oleum 

47 

Diked,  neutralized 

6/81 

Tank  overflow 

Sulfuric  acid 

0.4 

Diked,  neutralized 

9/81 

Tank  seal  failure 

Nitric  acid 

0.5 

Diked,  neutralized 

10/81 

Tank  car  leakage 

Nitrous  acid 

7.8 

Diked,  neutralized 

6/82 

Tank  overflow 

•furic  acid 

27 

Diked,  neutralized 

6/82 

Tank  leakage 

Nitric  acid 

<4 

Diked,  neutralized 

10/82 

Tank  leakage 

Sulfuric  acid 

0.4 

Diked  neutralized 

11/84 

Pipe  failure 

Mixed  acids 

185 

Recovered,  diked, 
neutralized 

Sourca:  Tsai  et  al.,  198S. 
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Table  8-2 

Summary  of  the  Remedial  Investigation  Field  Program  - 
Nitroglycerine  Pond/Rocket  Paste  Area/New  Acid  Area 
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Table  8-3 

SuMtMARv  OF  Monitoring  Wells  Installed  - 
Nitroglycerine  Pono/Rocket  Paste  Area/New  Acid  Area 
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RPM-91-01  Dual-wall  driven  110  766.0  10  Downgradient  To  assess  groundwater  quality 

casing  and  east  of  the  downgradient  of  the  east  Rocket 

Rocket  Paste  Paste  Area. 

Area. 


TABL£  8-4 

Field  Hydraulic  Conductivity  Test  Results  - 
Nitroglyceri»£  Pono/Rocket  Paste  Area/New  Acid  Area 


Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Well 

Designation 

Maximum  Water 
Level  Depression 

(FEET) 

Hvdrauuc 

Conductivity 

(CM/SEC) 

Geologic  Conditions 

RPM-89-Ol’ 

1.3 

2X10’ 

Medium  to  coarse  sand 
and  medium  to  coarse 
gravel  (SP-GP) 

RPM-89-02 

1.7 

1x10’ 

Fine  to  coarse  sand  with 
iittle  gravel  (SP) 

Noim: 

Hydraulic  Conductivity  Tests  completed  during  March  and  November,  1989.  and  November  and  December  1991. 

Field  data  and  calculations  are  presented  in  Appendix  I. 

Values  for  hydraulic  conductivities  represent  an  averaged  value  of  multiple  tests  performed  on  each  well. 

’  Water  level  recovery  at  these  wells  impacted  by  inertial  effects,  resulting  in  water  level  recovery  above  static  water  levels. 

Hydraulic  ccnductivity  measurements  may  be  greater  than  the  calculated  values  at  these  wells. 

cm/sec  =  centimeters  per  second 
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CHEMICM.  ANALYSES  PERFORMED  ON  SURFACE  SOIL  AND  SEDIMENT  SAMPLES 
NrmOOLYCERINE  POND/  ROCKET  PASTE  AREA/  NEW  ACO  AREA 
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TABLE  *-6 

CHBAICAL  ANAL YSf-S  PERfOflMED  ON  SUBFACE  SON.  AND  StXHMENT  SAMPLES 
NtTROOLVCEBINE  PONCW  ROCKE1  BASTE  AREA/  NEW  ACID  AREA 
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TABLES-#  Pifcluf# 

SUMMARY  OK  SURFACE  SOIL  AND  SEDIMENT  CHEMICAL  DATA- 
NITROOLYCERINE  POND/  ROCKET  PASTE  AREA 
remedial  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
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NPS-9l-iO 

POND 

UGO 

09/20/91 

ouno 

§ 

V. 

!  8  i 

'  s 

i  ' 
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1  i' 

NPS-9I-09 

POND 

UGG 

09/20/91 

Oixn 

s 

J9JOO 

2.400 

2000.000 

17.700 

liiii 

2  *.  3  g  o 
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• 

2S.900 

14.000 

240.000 

22.900 

NPS-91-07 

POND 
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_ am _ 
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7.000 

0.752 
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6.110 
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_ ejfiQ _ 
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6.850 
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40.500 

12.000 

410.000 

3.870 

Site  ID: 

Sample  Type; 

UNITS; 

DATE  SAMPLED: 

DEPni; 

SVOCa  I23PDA 

24DNT 

26DNT 

B2EHP 

BAANTR 

BBFANT 

BOHIPY 

CHRY 

DEP 

FANT 

NO 

NNDMEA 

NNDNPA 

NNDPA 
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Metals  CR 
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Notes  and  fl*uing  codes  are  presented  at  the  end  of  this  table. 
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SUMMARY  OF  SURFACE  SOIL  AND  SEDIMENT  CHEMICAL  DATA- 
NITROGLYCERINE  POND/  ROCKET  PASTE  AREA 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
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Notes  and  fla(|in(  codes  are  presented  at  the  end  of  this  table. 
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TABLE  8-9  Page  4  9 

SUMMARY  OF  SURFACE  SOIL  AND  SEUIMBN I  CHEMICAL  DATA- 
NITROOLYCERINE  POND/ ROCKET PASIE  AREA 
REMEDIAL  INVESnOATION 


Notes  and  flagging  codes  are  presented  at  the  end  of  this  table 


TABLES-? 

SUMMARY  OF  SURFACE  SOIL  AND  SEDIMEN TCTIFMICAI  DATA- 
NITROGLYCERINE  POND/  ROCKEl  PASTE  AREA 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PlANT 
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Notes  and  flagging  codes  are  presented  at  the  end  of  this  table. 
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SUMMARY  OF  SURFACE  SOIL  AND  SEDIMENTCIIFMICALDATA- 
NITROGLYCERINE  POND/ ROCKET  PASTE  AREA 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 


Notes  and  (lagilng  codes  are  presented  at  the  end  of  (his  table. 


TABLE  8-9  P«gc7u(9 

SUMMARY  OP  SlIRPACE  SOIL  AND  SEDIMENT  CHEMICAL  DATA- 
NITRUGLYCERINE  pond/  rocket  paste  area 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
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No(c>  and  flaiging  codes  are  presented  at  the  end  of  this  table. 
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TABLE  8-9  P*gc9olV 

SUMMARY  OF  SURFACE  SOIL  AND  SEDIMENT  CHEMICALDATA- 
NITROGLYCERINE  POND/ ROCKET  PASTE  AREA 
REMEDIAL  INVESTIGATION 


Notes  snd  nagging  codes  are  presented  at  the  end  of  this  tabie. 
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Note*  and  flaning  codes  are  presented  at  the  end  of  thn  table. 
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TABLE  8-11 

SIJMMAIIY  OF  GROUNDWATER  CHEMICALDATA- 
Nl  I ROGLYCERINE  POND/  ROCKET  PASTE  AREA/  NEW  ACID  AREA 
REMEDIAL  INVES  HGATION 
BADGER  ARMY  AMMUNITION  PLANT 
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TABI.E8-11 

SUMMARY  OF  GROUNDWATER  CHEMICAL  DATA- 
NITROGLYCERINE  POND/  ROCKET  PASTE  AREA/  NEW  ACID  AREA 
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Table  8-12 

TCLP  Metals  Data  Summary 
Concentration  in  Sediment  - 

Nitroglycerine  Pond/Rocket  Paste  Area/New  Acid  Area 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


TCLP  Leachate  Concentration  inq/i) 


Sample  Location 

CO 

CR 

PB 

HG 

TCLP  RL^ 

1,000 

5,000 

5,000 

200 

Minimum  Reporting  Value 

6.8 

16.8 

43.4 

0.1 

NPS-89-01 

NT 

NT 

NT 

LT 

NPS-89-02 

NT 

NT 

NT 

0.3 

NPS-89-03 

NT 

NT 

NT 

LT 

NPS-89-04 

NT 

NT 

NT 

LT 

NPS-89-05 

NT 

NT 

NT 

LT 

NPS-89-06 

NT 

NT 

NT 

LT 

NPS-89-07 

NT 

NT 

NT 

LT 

NPS-89-08 

NT 

NT 

NT 

LT 

NPS-89-09 

NT 

NT 

NT 

LT 

NPS-89-10 

NT 

NT 

NT 

LT 

RPS-90-01 

LT 

LT 

4,378 

NT 

RPS-90-02 

LT 

LT 

3806 

NT 

RPS-90-03 

LT 

LT 

26,480 

NT 

RPS-90-04 

LT 

LT 

427 

NT 

RPS-90-05 

LT 

LT 

NT 

NT 

RPS-90-06 

LT 

LT 

1,011 

NT 

RPS-90-07 

LT 

LT 

728 

NT 

RPS-90-08 

LT 

LT 

NT 

NT 

RPS-90-09 

LT 

LT 

368 

NT 

RPS-90-10 

8 

LT 

7,449 

NT 

RPS-90-1 1 

LT 

LT 

541 

NT 

RPS-90-12 

LT 

LT 

4,756 

NT 

RPS-90-1 3 

LT 

LT 

1,081 

NT 

RPS-90-1 4 

LT 

LT 

NT 

NT 

RPS-90-1 5 

LT 

LT 

N" 

NT 

RPS-90-1 6 

LT 

LT 

2; 

NT 

RPS-91-17 

LT 

LT 

r 

LT 
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TabUE  8-12 

TCLP  Metals  Data  Summary 

CONCEKTRATXIN  IN  SEDIMENT  - 

Nitroglycerine  Pono/Rocket  Paste  Area/New  Acid  Area 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


TCLP  Leachate  Concentration  (pg/t) 


Sample  Location 

CO 

CR 

PB 

HG 

TCLP  RL’ 

1,000 

5,000 

5,000 

200 

RPS-91-18 

LT 

LT 

1,660 

LT 

flPS-91-19 

LT 

LT 

LT 

LT 

RPS-91-20 

LT 

LT 

517 

LT 

RPS-91-21 

LT 

LT 

90 

LT 

RPS-91-22 

LT 

LT 

LT 

LT 

RPS-91-23 

LT 

LT 

427 

LT 

RPS-91-24 

LT 

LT 

256 

LT 

RPS-91-25 

LT 

LT 

242 

LT 

RPS-91-26 

LT 

LT 

111 

LT 

RPS-91-27 

LT 

LT 

170 

LT 

RPS-91-28 

LT 

LT 

91 

LT 

RPS-91-29 

LT 

LT 

LT 

LT 

RPS-91-30 

LT 

LT 

968 

LT 

RPS-91-31 

LT 

LT 

3.860 

LT 

RPS-S1-32 

LT 

LT 

152 

LT 

RPS-91-33 

LT 

LT 

LT 

LT 

RPS-91-34 

LT 

LT 

LT 

LT 

RPS-91-35 

LT 

LT 

92 

LT 

RPS-91-36 

LT 

LT 

LT 

LT 

RPS-91-37 

LT 

LT 

LT 

0.1 

RPS-91-38 

LT 

LT 

427 

LT 

RPS-91-39 

LT 

LT 

136 

LT 

RPS-91-40 

7.7 

LT 

305 

0.2 

RPS-91-41 

LT 

LT 

LT 

LT 

RPS-91-42 

LT 

LT 

LT 

LT 

RPS-91-43 

LT 

LT 

LT 

LT 
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continued 


Table  8-12 

TCLP  Metals  Data  Summary 

CONCEKTRATION  IN  SEDIMENT  - 

Nitroglycerine  Pono/Rocket  Paste  Area/New  Acid  Area 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


TCLP  Leachate  Concentration  (f/g/i) 


Sample  Location 

CO 

CR 

PB 

HG 

TCLP  RL’ 

1.000 

5.000 

5.000 

200 

RPS-91-44 

LT 

LT 

LT 

LT 

RPS-91-45 

LT 

LT 

LT 

LT 

RPS-91-46 

LT 

LT 

LT 

LT 

RPS-91-47 

LT 

LT 

LT 

LT 

RPS-91-48 

LT 

LT 

LT 

LT 

RPS-91-49 

LT 

LT 

LT 

LT 

RPS-91-50 

LT 

LT 

LT 

LT 

RPS-91-51 

LT 

LT 

95 

LT 

RPS-91-52 

LT 

LT 

LT 

LT 

RPS-91-53 

LT 

LT 

LT 

LT 

RPS-91-54 

LT 

LT 

LT 

LT 

RPS-91-55 

LT 

LT 

LT 

0.1 

RPS-91-56 

LT 

LT 

LT 

LT 

RPS-91-57 

LT 

LT 

LT 

LT 

RPS-91-58 

LT 

LT 

LT 

LT 

RPS-91-59 

LT 

LT 

LT 

LT 

RPS-91-60 

LT 

LT 

LT 

LT 

RPS-91-61 

LT 

LT 

LT 

LT 

RPS-91-62 

LT 

LT 

LT 

LT 

RPS-91-63 

LT 

LT 

LT 

LT 

RPS-91-64 

LT 

LT 

LT 

LT 

RPS-91-65 

LT 

LT 

LT 

LT 
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continued 


Table  t-i2 

TCLP  Metals  Data  Summarv 
CONCENTRA-nON  IN  SEDIMENT  - 

Nitroglycerine  Pono/Rocket  Paste  Area/New  Acid  Area 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


TCLP  Leachate  Concentration 

Sample  Location 

CO 

CR 

PB 

HG 

TCLP  RL' 

1,000 

5,000 

5,000 

200 

RPS-91-66 

LT 

LT 

LT 

LT 

RPS-91-67 

LT 

LT 

LT 

0.1 

RPS-91-68 

LT 

25 

LT 

LT 

'  TCLP  Regulatory  Levels  (RLs)  exist  for  the  following  metals:  AS,  BA.  CD,  CR,  SE,  PB,  HG,  and  AG  However,  these  results 

were  reported  only  for  CO,  CR,  PB,  and  HG.  (List  of  USATHAMA  Chemical  Codes  for  definitions  of  chemical 
abbreviations). 

NT  >  Not  tested 

LT  =  Less  than  TCLP  RL 
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TaBL£  8-13 

COMPOuMts  OF  Potential  Concern 
Nitroglycerine  Pono 


Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Compound  OF 

Concern 

Exposure  Point  Concentration 

Surface  Soil' 
(PO/9) 

Pond  Sediment* 

(pg/g) 

Surface  Water* 

(mg/O 

AL 

-- 

-- 

3.02 

AS 

- 

-- 

0.00543 

BA 

- 

- 

0.0631 

CL 

- 

-- 

1.93 

CR 

-- 

40.5 

~ 

HG 

2.4 

20 

0.000325 

MN 

- 

- 

0.207 

NG 

15.8 

- 

- 

NH3 

17.7 

72.5 

- 

NH3N2 

- 

- 

0.147 

PB 

10.000 

410 

0.0459 

S04 

- 

-- 

4.47 

V 

-- 

- 

0.00837 

NotM: 


=  Not  identified  as  a  compound  of  potential  concern 

Exposure  point  concentration  is  the  maximum  detected  concentration 
P9/9  =  micrograms  per  gram;  equivalent  to  parts  per  million  (ppm) 

mg/I  3  milligram  per  IKer 

'  Assessment  of  surface  soil  contamination  was  performed  using  samples  from  NPS-91-09  and  NPS-91-10. 

’  Assessment  of  sediment  contamination  was  performed  using  samples  from  NPS-91-01  through  NPS-91-08. 

^  Assessment  of  surface  water  contamination  was  performed  using  samples  NPW-91-01  and  NPW-91-02. 
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Table  B>i4 

Summary  of  Risk  Estimates 
NrntOGu.YCXRiNE  Pond 


RBtfoiAL  Investigation 
Badger  Army  Ammunition  Plant 


Exposure  Scenario 

Exposure  Route 

Cancer  Risk 

Hazard  Index 

1 

Soi  Ingestion 

NO 

0.008 

Current  and  Future  Grounds 
Maintenance  Worker 

Inhalation  of  Particulates  and  Volataes 

ND 

0.000008 

1 

Total 

NO 

0.008 

future  Residential 

Soa  Ingestion 

NO 

0.1 

1 

Future  Chad  Playing 

Ingestion  of  Sediment 

NO 

0.03 

Ingestion  of  Surface  Water 

4x10-® 

0.0006 

Dermal  Corrtact  with  Surface  Water 

4x10'® 

0.0006 

1 

Total  for  Child  Playing 

8x10® 

0.0312 

No*—; 

1 

NO  c  Not  detarminod  • 

cancor  slope  factors  not  available  for  compounds  of  potential  concern. 

I 


I 


I 
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Table  8-15 

Compounds  of  Potential  Concern 
Rocket  Paste  Area 


Remeoul  Investigation 
Badger  Army  Ahhmuniti  a  Plant 


Compound  of 

Concern 

Exposure  Point  Concentration 

B 

Surface  Soil' 
0<g/9) 

Pond  Sediment^ 

<pg/g) 

Surface  Water’ 
(mg/i) 

24DNT 

8.0 

- 

» 

26DNT 

32.5 

- 

- 

BAANTR 

0.666 

- 

- 

BBFANT 

2.13 

- 

- 

BGHIPY 

1.91 

- 

- 

B 

CHRY 

1 

-- 

- 

DEP 

49.8 

2.46 

-- 

PANT 

1.12 

- 

-- 

NG 

1.500 

1.76 

- 

B 

NNDMEA 

0.302 

- 

-- 

NNDNPA 

0.23 

- 

-- 

NNOPA 

10,000 

4.98 

-- 

PHANTR 

0.279 

-- 

1 

PYR 

0.932 

- 

-- 

AL 

-- 

3.14 

AS 

- 

-- 

0.015 

BA 

- 

-- 

0.29 

1 

BE 

-- 

- 

0.00219 

CL 

- 

- 

2.73 

CR 

109 

45.7 

0.0595 

CU 

- 

- 

0.0791 

» 

HG 

0.716 

0.157 

-- 

MN 

- 

- 

0.503 

NH3N2 

- 

- 

0.0634 

Nl 

- 

- 

0.0407 

W0039213T^\18 
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^  continued 


Table  b-is 

Compounds  of  Potentuul  Concern 
Rocket  Paste  Area 

FtaAEOUL  iNVESTtGAnON 

Badger  Armv  Ammunition  Plant 


I 


» 


Exposure  Point  Concentration 

Compound  OF 

Concern 

Surface  Soil' 
(P9/g) 

Pond  Sediment^ 

(pg/g) 

Surface  Water’ 
(mg/l) 

NIT 

120 

2.22 

0.0105 

PB 

3,500 

2,600 

3.1 

S04 

22.9 

210 

35 

V 

- 

- 

0.0571 

ZN 

- 

0.151 

Nolaa: 

•  Not  ktofltifiod  as  a  compound  of  potarrtial  concam 

Exposura  point  concantration  is  tha  maximum  datactad  concantration  | 

pg/9  »  mkrograms  par  gram:  equivalant  to  parts  par  million  (ppm) 

mg/l  =  milligrams  par  litar 

'  Assassmant  of  surfaca  soil  contamination  (0  to  2  fast)  was  parformad  using  samplas  from  RPS-91-03  through  RPS-91-68 

^  Assassmant  of  sadimant  contamination  was  parformad  using  samplas  from  RPS-91-01  and  RPS'91-02. 

’  Assassmant  of  surfaca  walar  contamination  was  parformad  using  samplas  RPW-91-01  and  RPW-91-02. 


I 
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Table  b>16 

Summary  of  Risk  Estimates 
Rocket  Paste  Area 

Remeoul  Investigation 
Badger  Army  Ammunition  Plant 


Exposure  Scenario 

Exposure  ftoUTE 

Cancer 

Risk 

Hazard 

Index 

Sol  Ingestion 

2x10® 

0.04 

Current  and  Future 
Grounds  Maintenance 
Worker 

Inhalation  of  Particulates  and  Volatiles 

7x10® 

ND 

Total  for  Grounds  Maintenance  Worker 

2x10® 

0.04 

Future  Residential 

Sol  Ingestion 

1X10^ 

6.0 

Future  Chid  Playing 

Ingestion  of  Sediment 

1x10"® 

0.003 

Ingestion  of  Surface  Water 

1x10'^ 

0.002 

Dermal  Contact  with  Surface  Water 

1x10^ 

0.002 

Tc^  for  Chid  Playing 

2x10'^ 

0.007 

NotM; 


NO  c  Not  datarminad  -  no  toxicity  factors  available  for  compounds  of  potential  concern. 
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Table  8-17 

Comparison  of  Groundwater  to  Standards 
Units:  nq/t 

Nitroglycerine  Pond/Rocket  Paste  Area/New  Acid  Area 
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Table  »-i8 

Ecological  Contaminants  of  Concern^ 
Nitroglycerine  Pono 


Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Compound 

Frequency 

Exposure  Point  Concentration* 

Surface 

HG 

1:2 

2.4 

NG 

2.2 

15.8 

NH3 

2:2 

17.7 

PB 

2:2 

10,000 

Surface  Water° 

AL 

2:2 

3.020 

AS 

2:2 

5.43 

BA 

2:2 

63.1 

CL 

2:2 

1,930 

FE 

2:2 

3,970 

HG 

2:2 

0.325 

MN 

2:2 

207 

NH3N2 

2:2 

147 

PB 

2:2 

45.9 

S04 

2:2 

4,470 

V 

2:2 

8.37 

Sediment^ 

CR 

8:8 

40.5 

HG 

8:8 

20 

NH3 

8:8 

72.5 

PB 

8:8 

410 

Nows: 


Conslituttnts  salacted  based  on  criteria  presented  in  Tables  0-18,  Q-19.  and  0-20  nnd  discussed  in  Section  5.0. 
9Sth  percentile  or  maximum:  units  in  pg/g  (surface  soil  and  sediment)  and  pg/l  (surface  water). 

Assessment  of  surface  soil  contamination  was  performed  using  samples  from  NP&91-09  and  NPS'91-10. 
Assessmem  of  surface  watei  contamination  was  performed  using  samples  NPW-91-01  iuid  NPW-91-02. 
Assessment  of  sediment  contamination  was  performed  using  samples  NPS-91-01  and  NPS-91-08. 
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Table  8-19 

Ecological  Contaminants  of  Concern' 
Rocket  Paste  Area 


Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Compound 

Frequency 

Exposure  Point 
Concentration* 

Surface  SoH*^ 

24DNT 

12:72 

810 

26DNT 

10:72 

32.5 

BAANTR 

4:72 

0.666 

CHRY 

8:72 

1 

CR 

66:66 

109 

DEP 

37:72 

49.8 

PANT 

20:72 

1.12 

HG 

17:66 

0.716 

NG 

42:66 

1,500 

NIT 

65:66 

120 

NNDMEA 

7:22 

0.302 

NNDNPA 

5:72 

0.23 

NNDPA 

58:72 

10,v)00 

PB 

•  66:66 

3,500 

PHANTR 

14:72 

0  279 

PYR 

8:72 

0.932 

S04 

17:66 

22.9 

Surface  Water° 

AL 

2:2 

31,400 

AS 

2:2 

15 

BA 

2:2 

290 

BE 

1:2 

2.17 

CL 

2:2 

2,730 

CR 

1:2 

59.5 

CU 

2:2 

79.1 

FE 

2:2 

31,700 

W003921Tr.S80\  10 


continued 


Table  8-19 

Ecological  Contaminants  of  Concern* 
Rocket  Paste  Area 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Compound 

Frequency 

Exposure  Point 
Concentration* 

MN 

2:2 

503 

NH3N2 

2:2 

63.4 

Nl 

1:2 

40.7 

NIT 

1:2 

10.5 

PB 

2:2 

3,100 

S04 

2:2 

35,000 

V 

2:2 

57.1 

ZN 

2:2 

151 

Sediment^ 

CR 

2 

45.7 

DEP 

1 

2.46 

NG 

1 

1.76 

NIT 

2 

2.22 

NNDPA 

2 

4.98 

PB 

2 

2,500 

S04 

2 

210 

NotM: 

*  Constitutents  selected  based  on  criteria  presented  in  Tables  0-16  and  0-17  and  discussed  in  Section  5  0. 

'  9Sth  percentile  or  maximum;  units  in  //g/g  (surface  soil)  and  pg/f  (surface  water). 

^  Assessment  of  surface  soil  contamination  (Oto  2  feet)  was  performed  using  samples  from  RPS-91-03  through  RPS-91-68. 

‘  Assessment  of  surface  water  contamination  was  performed  using  samples  from  RPW-91-01  and  RPW-91-02. 

^  Assessment  of  sediment  contamination  was  performed  using  samples  from  RPS-91-01  and  RPS-91-02. 
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Table  8-20 

Risk  Evaluation  for  Aquatic  Receptors 
Nitroglycerine  Pono 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Compound 

Exposure  Point 
Concentration* 

RTV“ 

Hazard 

Quotient* 

Surface  Water 

AL 

3.020 

248 

4 

AS 

5.43 

153 

0.035 

BA 

63.1 

1,360 

0.046 

FE 

31,700 

1.000 

31.7 

CL 

1.930 

230,000 

0.02 

HG 

0.325 

0.012 

27 

MN 

207 

100 

2.1 

NH3N2 

147 

2,100 

0.07 

PB 

45.9 

3.2 

14 

S04 

4,470 

1,060,000 

0.0042 

V 

8.37 

200 

0.042 

Sediments 

CR 

40.5 

100 

0.41 

HG 

20 

0.1 

200 

NH3 

72.5 

75 

0.97 

PB 

410 

50 

8.2 

Notes: 

Analyticai  results  presented  in  Tables  0-19  and  0-20  and  summarized  in  Table  8-18. 

Reference  Toxicity  Value  (RTV)  derived  from  available  quality  criteria  and  effects  threshold  levtsis  as  presented  in  Table  0-3. 

Calculated  by  dividing  the  exposure  point  concentration  by  the  RTV;  values  in  excess  of  1.0E  +  00  indicate  that  the 
protective  RTV  was  exceeded  by  environmental  concentrations. 


» 


» 


» 


I 


I 


8 


» 


» 
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Table  8-21 

Summary  of  Risk  Evaluation  for  Terrestrial  Receptors 
Nitroglycerine  Pond 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Hazard  Indices* 

Receptor 

Acute  Risk* 

Chronic  Risk* 

Short-tailed  shrew 

1.9E+04 

3.8E  +  05 

Eastern  meadowlark 

4.3E  +  02 

4.8E  +  02 

Garter  snake 

9.3E  +  02 

7.4E+03 

Red  fox 

1.7E  +  01 

1.3E  +  00 

Red-tailed  hawk 

5.0E+01 

2.3E  +  00 

NoIm: 

*  Sum  of  the  individual  Hazard  Quotients  for  each  surface  soil  contamirwit  of  concern:  each  HQ  calculated  by  dividing  the 

estimated  exposure  dosage  by  the  Reference  Toxicity  Value  (RTV).  Hazard  Quotients  are  presented  in  Appendix  R. 
Tables  R-S5  and  R-56  for  acute  and  chronic  exposures,  respectively. 

'  Based  on  comparison  with  acute  RTVs. 

‘  Based  on  comparison  with  chronic  RTVs. 
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Table  8-22 

Risk  Evaluation  for  Aquatic  Receptors 
Rocket  Paste  Area 


Remedial  Investigation 

Badger  Armv  Ammunition  Plant 

Compound 

Exposure  Point 
Concentration^ 

RTV* 

Hazard 

Quotient® 

Surface  Water 

AL 

31,400 

748 

41.9 

AS 

15 

153 

0.098 

BA 

290 

1,360 

0.21 

BE 

2.17 

5.3 

0.41 

CL 

2,730 

230,000 

0.029 

CR 

59.5 

9.74 

6.1 

CU 

79.1 

2.27 

35 

FE 

31,700 

1,000 

32 

MN 

503 

100 

5 

NH3N2 

63.4 

2,100 

0.03 

Nl 

40.7 

66.13 

0.62 

NIT 

0  10.5 

5,000 

0.0021 

PB 

3,100 

3.2 

970 

S04 

35,000 

1,060,000 

0.033 

V 

57.1 

200 

0.29 

ZN 

151 

49.59 

3 

Sediment 

CR 

45.7 

100 

.46 

NIT 

2.22 

54.5 

.004 

PB 

2,600 

50 

52 

S04 

210 

- 

- 

DEP 

2.46 

. 

- 
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continued 


TAtt^8-22 

Risk  Evaluation  for  Aquatic  Receptors 
Rocket  Paste  Area 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Compound 

Exposure  Point 
Concentration* 

RTV* 

Hazard 

Quotient^ 

NNDPA 

4.98 

- 

- 

NG 

1.75 

- 

- 

Notm: 

*  Analytical  results  presented  In  Tables  Q-17  and  summarized  in  Table  8-19. 

'  Reference  Toxicity  Value  (RTV)  derived  from  available  quality  criteria  and  effects  threshold  levels  as  presented  in  Table  0-3 

‘  Calculated  by  dividing  the  exposure  point  concentration  by  the  RTV;  values  in  excess  of  I.OEsOO  indicate  that  the 

protectiva  RTV  was  exceeded  by  environmental  concentrations. 
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Table  8-23 

SuMMARv  OF  Risk  Evaluation  for  Terrestrial  receptors 
Rocket  Paste  Area 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Hazard  Indices* 

Receptor 

Acute  Risk* 

Chronic  Risk'^ 

Short-taHed  shrew 

6.6E-K)3 

1.3E-I-05 

Eastern  meadowlark 

1.5E  +  02 

4.4r-02 

Garter  snake 

3.3E  +  02 

6.5E-I-03 

Red  fox 

1.9E*01 

1.4E+02 

Red-tailed  hawk 

2.9E-I-01 

3.0E-I-02 

NotM: 

*  Sum  of  the  individual  Hazard  Quotients  for  each  surface  soil  contaminant  of  concern:  each  HQ  calculated  by  dividing  the 

estimated  exposure  dosage  by  the  Reference  Toxicity  Value  (RTV).  Hazard  Quotients  are  presented  in  Appendix  R. 
Tables  R-S3  and  R-54  for  acute  and  chronic  exposures,  respectively. 

'  Based  on  comparison  with  acute  RTVs. 

'  Based  on  comparison  with  chronic  RTVs. 
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LEGEND 

PAVED  ROAD  OR  TRAMWAY 

DRAINAGE  DITCH 

EXISTING  MONITORING  WELLS 

81118 

Rpwesea 

NEW  MONITORING  WELLS 

A 

SEDIMENT  SAMPLE 

A 

SURFACE  SOIL  SAMPLE 

□ 

SURFACE  WATER  SAMPLE 

NOTES: 

1.  BASE  MAP  FROM  300  SCALE  SITE  TOPOGRAPHIC 

PLAN  PROVIDED  BY  OUN  CORPORATION, 
r  S1 100  SERIES  AND  81  SERIES  WEU  LOCATIONS 

BASED  ON  MEP  (TSAI,  1908) 

3.  1988  AND  91  SERIES  WELL  LOCATIONS  BASED  ON 
VIERBICHER  SURVEY  DATA  (APPENDIX  F). 

4.  SURFACE  SOIL  AND  SURFACE  WATER  SAMPLE 
LOCATIONS  BASED  ON  RELD  SURVEY  CONDUCTED 
BYABB-ES. 

FIGURE  8-1 
SITE  LOCATION  PLAN  AND 
SEDIMENT,  SURFACE  SOIL  AND 
SURFACE  WATER  SAMPLE  LOCATIONS 
NITROGLYCERINE  POND, 
ROCKET  PASTE  AREA  AND  NEW  ACID  AREA 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
- ABB  Env^nmental  Services,  Inc. - 


HOCKET  PASTE 
POND 


PAVED  ROAD  OR  TRAMWAY 


Sint 


DRAMAGE  DITCH 

EXISTING  MONITORING  WEa  LOCA 
AND  DESIGNATION 

NEW  MOMTORMO  WELL  LOCATION  i 
DESIGNATION 

NEW  PUDS  PIEZOMETER  LOCA'nON  i 
DESIGNATION 


iJ  J*!  ORIENTA'nON  OF  GEOLOGIC  CROSS 

t - f  SECTION 

NOTES: 

1.  BASE  MAP  FROM  300  SCALE  SITE  TOPOGRAPIflC 
PLAN  PROVIDED  BY  OUN  CORPORATION. 

2.  SHOO  SERIES  AND  81  SERIES  WELL  LOCATIONS 
BASED  ON  MEP  (TSAI.  19SB). 

X  1860  AND  91  SERIES  WELL  LOCATIONS  BASED  ON 
VIER8ICHER  SURVEY  DATA  (APPENDIX  F). 

4.  NEW  MONITORING  WELLS  INSTALLED  UNDER  THE 
DIRECRONOFABB-ES. 

8.  EXISTING  MONITORING  WELLS  INSTALLED  UNDER 
THE  DIRECnON  OF  OUN  CORPORARON. 

6.  FUOS  PIEZOMETERS  INSTALLED  UNDER  THE 
DIRECTION  OF  COE  -  ST.  PAUL  DISTRICT. 


MONITORING  WELL  LOCATION 
ORIENTATION  OF  GEOLOGIC  CROSS  SECTK 

NITROGLYCERINE 
ROCKET  PASTE  AREA  AND  NEW  AaO 
REMEDIAL  INVESTIG 
BADGER  ARMY  AMMUNITION  I 
- —ABB  Environmental 


PAVED  ROAD  OR  TRAMWAY 


ORAINAQE  OrrCH 


8111* 


EMSTINQ  MONITORING  WELL  LOCATION 
AND  DESIGNATION 


NEW  MONITORINO  WELL  LOCATION  AND 
DESIGNATION 


NEW  PUDS  PIEZOMETER  LOCATION  AND 
DESIGNATION 


•Tl  ORIENTATION  OF  GEOLOGIC  CROSS 
— f  SECTION 


81113 

81114 


NOTES: 

1.  EASE  MAP  FROM  300  SCALE  SITE  TOPOGRAPHIC 
PLAN  PROVIDEO  BY  OUN  CORPORATION. 

2.  SHOO  SERira  AND  81  SEMES  WELL  LOCATIONS 
BASED  ON  MEP  (TSAI.  1888). 

X  1888  AND  91  SERIES  WEa  LOCATIONS  BASED  ON 
VIERBICHER  SURVEY  DATA  (APPENDIX  F) 

4.  NEW  MONITORINO  WELLS  INSTALLED  UNDER  THE 
DIRECTION  OF  AB8-ES. 

X  EXISTING  MONITORING  WELLS  INSTALLED  UNDER 
THE  DIRECTION  OF  OUN  CORPORATION. 

X  FUDS  PIEZOMETERS  INSTALLED  UNDER  THE 
DIRECTION  OF  COE  -  ST.  PAUL  DISTWCT. 
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FIGURE  8-2 

MONITORING  WELL  LOCATIONS  AND 
ORIENTATION  OF  GEOLOGIC  CROSS  SECTION  J-J* 

NITROGLYCERINE  POND, 
ROCKET  PASTE  AREA  AND  NEW  AaD  AREA 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
- ^ABB  Environmental  Sendees,  Inc.- 
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OFFSET  OKTANCE  OF 
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GROUND  SURFACE 

SOBS  DESCRSmON  AND 
uses  CLASSnCATION 

WATER  TABLE  ELEVATION 

SCREENED  BITERVAL 

■l-FELD  PERMEABSJTY 
TEST  RESULTS  M  CM/SEC 

BOTTOM  OF  EXPLORATION 


FIGUj 

GEOLOGIC  CROSS  SECTI< 
NITROGLYCERINE  I 
ROCKET  PASTE  AREA  AND  NEW  ACID 
REMEDIAL  INVESTtCl 
BADGER  ARMY  AMMUNITION 


FIGURE  8-3 
GEOLOGIC  CROSS  SECTION  J- j* 
NITROGLYCERINE  POND. 
ROCKET  PASTE  AREA  AND  NEW  ACID  AREA 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLAN 


990005401  34 


PAVED  ROAD  OR  TRAIIMM  Y 


ORAmAOE  orrcH 

EXHTINQ  MONnORMO  VVEa  LOCATION 
AND  DESIGNATION 

NEW  MONITORINO  TVEU  LOCATION  AND 
0G8IQNAT1ON 

NEW  PUDS  PIE290METBI  LOCATION  AND 
DESIGNATION 

STABILIZED  WATER  ELEVATION 

CONTOUR  UNE  INDICATES 
OROUfEyWATER  ELEVATION 

APPROXIMATE  O»OUN0WATER  FLOW 
OIRECTK)N 


1.  BASE  MAP  FROM  300  SCALE  SITE  TOPOGRAPHIC 
PLAN  PROVIDED  BY  OUN  CORPORATION. 

2.  AaWATER  LEVELS  WERE  MEASURED  ON  IZnMI 
AND  ARE  ROUNDED  TO  THE  NEAREST  0.10  FOOT. 

3.  SHOO  SERIES  AND  SI  SERIES  WEU  LOCATIONS 
BASED  ON  MEP  (TSAI.  19SS). 

4  1300  AND  01  SERIES  WELL  LOCATK3N6  BASED  ON 
VIERBICHER  SURVEY  DATA  (APPENDIX  F). 

8.  GROUNDWATER  ELEVATION  AND  CONTOURS 
BASED  ON  U.S.  COASTAL  AND  GEODETIC  SURVEY 
DATUM 

e.  NEW  MONITORINO  WELLS  INSTALLED  UNDER  THE 
DIRECTK>N0FAB8-ES. 

7.  EXISTING  MONITORINO  WELLS  INSTALLED  UNDER 
THE  DIRECTION  OF  OUN  CORPORATION. 

t.  FUDS  PIEZOMETERS  INSTALLED  UNDER  THE 
DIRECTK>N  OF  COE  •  ST.  PAUL  DISTRICT. 
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NOTES: 


FIGURi 

WATER  TABLE  CONTOUR  P 
NITROGLYCERINE  PC 
ROCKET  PASTE  AREA  AND  NEW  ACID  A 
REMEDIAL  INVESTIGA1 
BADGER  ARMY  AMMUNITION  PL 
- ^ABB  Environmental  Servicei 


PAVED  ROAD  OR  TIUMIWAV 


DRAMAOE  OnCH 

EXWTINQ  MONffORIMQWEU.  LOCATION 
ANDDEStONATION 

NEW  MOMTORMO  WELL  lOCATION  AND 
DCBIQNA'nON 

NEW  FU06  PIEZOMETER  LOCA'nON  AND 
DESMMATION 

8TABIUZE0  WATER  ELEVATION 

CONTOUR  UNE  ItmCATES 
OROUNOWATER  ELEVATION 

APPROXIMATE  GROUNDWATER  FLOW 
DIRECTION 


1.  BASE  MAP  PROM  300  SCALE  SITE  TOPOGRAPHIC 
PLAN  PROVIDED  BY  OUN  CORPORATION. 

2.  AaWATER  LEVELS  WERE  MEASURED  ON  12I1SA1 
AND  ARE  ROUNDED  TO  THE  l«AREST0.10  FOOT. 

3.  S1 100  SERIES  AND  31  SERIES  WELL  LOCATKINS 
BASED  ON  MEP  (TSAI.  1903). 

4.  1933  AND  01  SERIES  WELL  LOCATIONS  BASED  ON 
VIERBICHER  SURVEY  DATA  (APPEMXX  P). 

3.  OROUNOWATER  ELEVATION  AM)  CONTOURS 
BASED  ON  U.S.  COASTAL  AND  GKIOETIC  SURVEY 
DATUM 

3.  NEW  MONITORINa  WELLS  INSTALLED  UNDER  THE 
DIRECTION  OP  AB8-ES. 

7.  EXISTING  MONITORINQ  WELLS  INSTALLED  UNDER 
THE  DIRECnON  OF  OUN  CORPORATKJN. 

3.  PUDS  PIEZOMETERS  INSTALLED  UNDER  THE 
DIRECTION  OF  COE  -  ST.  PAUL  DISTRICT. 
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FIGURE  8-4 
WATER  TABLE  CONTOUR  PLAN 
NITROGLYCERINE  POND, 
ROCKET  PASTE  AREA  AND  NEW  AQD  AREA 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
—  ABB  Environinental  Services,  Inc.- 
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SAMP^ 


>1000  mM 


100te80S|ig^ 


>CRLto8B|ig^ 


NOTES: 

1.  SEE  TABLE  8«  OR  APPENDIX  K  FOR  d 
DATASUMNMRY.  I 

S.  CRL.CERTIFIEO REPORTING UMrr  { 
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NGCONCENt 
NITROGLYCERH 
ROCKET  PASTE  AREA  AND  NEW  A^ 
REMEDULINVES1 
BADGER  ARMY  AMMUNITiq 
-  ABB  Environmental  9 
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NOTES: 

1.  SEE  TABLE  e-9  OR  APPENDIX  K  FOR  CHEMICAL 

DATA  SUMMARY. 
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FIGURE  8-5 
NG  CONCENTRATIONS 
NITROGLYCERINE  POND, 
ROCKET  PASTE  AREA  AND  NEW  ACID  AREA 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
- ABB  Envtoonmental  Services,  Inc.' 
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SEDIMENT  SAMPLE 
SURFACE  SOU.  SAMPLE 
SURFACE  WATER 

SENTWATIOMS 
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>CRLto0.S|i0^ 


NOTES: 

1.  SEETABLES^ORAPPENDOCKFORI 
DATA  SUMMARY. 

2.  CRL- CERTIFIED  REPORTING  UMTT 
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1.  SEE  TABLE  S-0  OR  APPENDIX  K  FOR  CHEMICAL 
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NOTES: 

1.  SEE  TABLE  M  OR  APPENDIX  K  FOR  CHEMICAL 

DATA  SUMMARY. 

2.  CONCENTRATIONS  <30  ARE  CONSIDERED 
BACKGROUND.  SEE  SECTION  ^0. 

3.  CONCENTRATIONS  ARE  INDICATED  AS 

ESTIMATED  WHERE  DATA  POINTS  ARE  UMTTED. 
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PB  CONCENTRATIONS 
NITROGLYCERINE  POND, 
ROCKET  PASTE  AREA  AND  NEW  ACID  AREA 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
- ABB  Environmental  Senrices,  Inc. - 


1  NPM1-01 

a  NTMl-tt 

s  NnMi-es 

4  Nmai-M 

5  NPMt-W 

•  NPMI-eS 
7  NPMl-07 

•  NPS414M 

•  NWW  91-01 

10  NPM1-00 

11  NK«1-00 

12  NPB-01-10 

12  RP»«1-01 

14  RPM1-02 

15  RP1M«1-01 
10  RPW«1-«e 
17  RPM1-0S 


10  iV»«1-24 

10  RPMI-OB 

20  IVOO1-02 

21  RPMI-OO 

22  RP»oi-ao 

21  R0M1-O1 

24  fio»«i-ao 

26  RPSO1-10 

21  IVS«1-2i 

27  RPS«1-00 

at  RPS41-2S 

20  IIO»«1-a4 

20  RPMI-aS 

31  RPS41-00 

22  NP»01-00 

33  W001-27 

34  RP041-OS 


I 


40  IV001-21 

41  IVMl-22 

42  IVMl-07 
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NPS01-06 

26 

RPS«l-23 

45 

RP841-11 

62 

RPS41-46 

12 

NPS81-10 

26 
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RPM1-1B 

LEfiEND 


PAVED  ROAD  OR  TRAMWAY 


ORAiNAOE  DITCH 


811  IS  EXISTING  MONITORING  WELLS 

nPMSSSa  NEW  MONITORING  WELLS 


SEDIMENT  SAMPLE 


SURFACE  SOIL  SAMPLE 


SURFACE  WATER  SAMPLE 


>1000 

lootosssHflig 

1010  98(10^ 

>CRLto9.8|i0lg 


NOTES: 

1.  SEE  TABLE  S-8  OR  APPENDIX  K  FOR  CHEMICAL 
DATA  SUMMARY. 
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1-  SEE  TABLE  8-9  OR  APPENDIX  K  FOR  CHEMKML 

OATASUMNMRY. 

2.  CRL-CERTIRED  REPORTING  UMT 
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1.  SEE  TABLE  S-9  OR  APPEM)IX  K  FOR  CHEMICAL  1 

DATA  SUMMARY.  1 

FIGURE  8-10 
TCLP  PB  CONCENTRATIONS 
NITROGLYCERINE  POND, 
ROCKET  PASTE  AREA  AND  NEW  ACID  AREA 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
ABB  Environmental  Services,  Inc.- 


Table  b-i 

Summary  of  the  Remedial  Investiqation  Field  Progr 
Oleum  Plant  and  Oleum  Plant  Pond/Balustics  Po 
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W(I0J92I3T  9/1 


Table  9-2 

Summary  of  Borings  Completed  - 
Oleum  Plant  and  Oleum  Plant  Pono/Ballistics  Pond 


I 


9 


. - .  -  . . -  ■  . - .  . J 


Notes:  'OPB-91-01  was  fiisi  drillej  using  a  hollow-stem  auger  Boring  encountered  refusal  at  12  feet,  7  feet,  5  feet.  The  baring  was  completed  using  ttie  TMer,  liiive  through  casii.y 

technique 


Table  9-3 

Summary  of  Monitoring  Wells  Installed  - 
Oleum  Plant  and  Oleum  Plant  Pond/Ballistics  Pond 
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Table  9-4 

Wells  Included  in  Groundwater  Sampung  Program  - 
Oleum  Plant  and  Oleum  Plant  Pono/Ballistics  Pond 


Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Sites 

New  Wells 

Existing  Wells 

Oleum  Plant  and  Oleum  Plant 

OPM-89-01 

S1132 

Pond 

OPM-89-02 

S1151 

OPM-89-03 

Ballistics  Pond 

S1127 

S1128 

TOTAL  WELLS 

3 

I 


I 


W0039213T.9/4 


» 


» 


USA011.WKI 


Table  9-9 

Field  Hydraulic  Comhictivity  Test  Results  - 
Oleum  Plant  and  Oleum  Plant  Pond/Balustics  Pond 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Maximum  Water 

Hydrauuc 

WELL 

Level  Depression 

Co»«octivity 

Designation 

(FEET) 

(CM/SEC) 

Geologic  Conditions 

OPM-89-03 

0.9 

1x10’ 

Fine  sand  with  gravel  (SP) 
over  gravel  (GP) 

Noim: 

Hydraulic  Conductivity  Tests  completed  during  March  and  November,  1989.  and  November  and  December  1991. 

Reid  data  and  calculations  are  presented  in  Appendix  I. 

Values  lor  hydraulic  conductivities  represent  an  averaged  value  of  multiple  tests  performed  on  each  well. 

Water  level  recovery  at  these  wells  impacted  by  inertial  effects,  resulting  in  water  level  recovery  above  static  water  levels.  Hydraulic 
conductivity  measurements  may  be  greater  than  the  calculated  values  at  these  wells. 

cm/sec  =  centimeters  per  second 
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Table  9>10 

HonizourrAL  Groumjwater  Gradients 
Oleum  Plant  and  Oleum  Plant  Pono/Ballistics  Pond 

Remedial  Investigation 
Badger  Army  Aimmunition  Plant 


Well  Pairs 

Horizontal  Gradient  <lt/fi)' 

Comment 

Oieum  Plant  and  Oleum  Plant  Pond 

OPM-89-02 

S1 132 

0.0004 

Southeiiy  and  easterly  flow  vectors  in 
deep  regional  system 

DBN-89-04B 

0.0004 

Southerly  and  easterly  flow  vector  in 
deep  regional  flow  system 

Ballistics  Pond 

51 127 

51 128 

0.008 

Southerly  flow  vector  in  shallow  flow 
system 

Noim: 

'  GradMfit  calculations  an  presanted  in  Appendix  H.  All  gradient  calculations  based  on  12/13/89  water  level  measurements 

It/ft  <  feet  per  foot 
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TABI.E9-11  Pt|elot5 

SUMMARY  OF  SUBSURFACE  SOIL  CHEMICAL  DATA- 
OLEUM  PLANT  AND  OLEUM  PLANT  POND/  BALUSTICS  POND 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
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SUMMARY  OF  SUBSURFACE  SOIL  CHEMICAL  DATA- 
lUM  PI  ANT  AND  OLEUM  PLANT  POND/ BALI  ISTICS  POND 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
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TABLE  9-  1 1  P4ge  .1  o(  < 

SUMMARY  OF  SUBSURFACE  SOIL  CHEMICAL  DATA- 
OLEUM  PLANT  AND  OIXUM  PLANT  POND/ BALLISTICS  POND 
REMEDIAL  INVESIIGATION 
BADGER  army  AMMUNITION  PLANT 


TABLE  9- 1 1  l>nc  4  ol  < 

SUMMARY  OF  SUBSURFACE  SOIL CilEMICALDATA- 
OLEUM  PLANT  AND  OLEUM  PLANT  POND/ BALLISTICS  POND 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 


TABI.E9-1I  P(|e5ol5 

SUMMARY  OF  SUBSURFACE  SOIL  CHEMICAL  DATA- 
OLEUM  PLANT  AND  OLEUM  PLANT  POND/  BALUSTICS  POND 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
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TABLE  9- 12  P»ge  1  ul  I 

SUMMARY  OF  SEDiMENTCiiEMICAL  DATA- 
OLEUM  PLANT  AND  OLEUM  PLANT  POND/ BAl-LISTICS  POND 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
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TABLE  9- 14  P«|e2of2 

SUMMARY  OF  groundwater  CHEMICAL  DATA- 
OLEUM  PLANT  AND  OLEUM  PLANT  POND/  BALLISTICS  POND 
REMEDIAL  INVESTIGATION 


TABLE  9-14 

SUMMARY  OF  GROUNDWATER  QIEMICAL  DATA- 
OLEUM  POND  AND  OLEUM  PLANT  POND/  BALLISTICS  POND 
REMEDIAL  INVESTIGATION 
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Table  9-15 

Compounds  of  Potential  Concern 
Oleum  Plant  and  Oleum  Plant  Pond 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Compounds  of 

Potential  Concern 

Exposure  Point  Concentration 

Surface  Soil 
(P9/9) 

Subsurface  soil^ 

(pg/g) 

Sediment* 

(pg/g) 

CR 

14.4 

30.3 

-- 

HG 

- 

0.115 

-- 

Nl 

-- 

23.1 

-- 

NIT 

3.46 

6.19 

50 

S04 

8,500 

14,000 

590 

Notes: 


-  =  Not  identified  as  a  compound  of  potential  concern 

Exposure  point  concentration  is  the  maximum  detected  concentration 
><g/g  >  microgram  per  kilogram;  equivalent  to  parts  per  million  (ppm) 

'  Assessment  of  surface  soil  contamination  (0  to  2  feat)  was  performed  using  samples  from  borings  OPB-91-01  and  OPB-St-OS  through  OPB-91-' 

’  Assessment  of  subsurface  soil  contamination  (2  to  12  feet)  was  performed  using  samples  from  borings  OPB-91-01  through  OPB-91-05. 

’  Assessment  of  sediment  contamination  was  performed  using  samples  OPS-91-01  through  OPS-91-04. 
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Table  »*16 

Summary  of  Risk  Estimates 
Oleum  Plant  ano  Oleum  Plant  Pond 

Remcoul  Investigation 
Badger  Army  Ammunition  Plant 


ExposiffiE  Scenario 

Exposure  Route 

Cancer 

Riac 

Hazard 

Index 

Current  and  Future  Grounds 
Maintenance  Worker 

Soil  Ingestion 

NA 

0.000003 

Inhalation  ol  Particulates  and 

Vapors 

NA 

ND 

Total  Grounds  Maintenance  Worker 

NA 

0.000003 

Future  Residential 

Soil  Ingestion 

NA 

0.0005 

Future  Construction  Worker 

Soil  Ingestion 

ND 

0.02 

Inhalation  of  Particulates 

4x10^ 

0.0002 

Total  for  Construction  Worker 

4xt0^ 

0.02 

Future  Child  Playing 

Ingestion  of  Sediment 

NA 

0.04 

Noim: 

ND  =  not  determined  ■  toxicity  factors  not  available  for  compounds  of  potential  concern 

NA  =  not  applicable  ■  no  carcinogenic  compounds  of  potential  concern 
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Table  9>17 

COMKMJNOS  OF  POTEMTIAL  CONCERN 

Ballistics  Pond 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Compounds  of 
Potential  Concern 

ExpostmE  Point  Concentration 

Sediment' 

(pg/g) 

Surface  Water' 

(mg/I) 

AL 

58,000 

0.18 

B2EHP 

6.1 

-- 

BA 

-- 

0.0367 

CL 

-- 

4.05 

MN 

- 

0.0791 

NH3 

215 

- 

NIT 

5.16 

0.0514 

PB 

54 

- 

PHANTR 

0.428 

- 

S04 

490 

15 

V 

- 

0.00523 

ZN 

- 

0.0679 

Notn: 


-  Not  idontifjed  as  a  compound  of  potential  concern 

Exposure  point  concentration  is  the  maximum  detected  concentration 
pg/g  =  micrograms  per  gram;  equivalent  to  parts  per  million  (ppm) 

mg/i  <  milligrams  per  liter 

Assessment  of  sedimerrt  contamination  was  performed  using  samples  BPS-QI-Ot  through  BPS-9'1-06. 

^  Assessment  of  surface  water  contamination  was  performed  using  samples  BPW-91-01  and  BPW-91-02. 
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TABL£  »-18 

Summary  of  Risk  F  stimates 
Balustics  PONl. 


Remedial  Investigation 
Badger  Army  Aimiunition  Plant 


Exposure  Scenario 

Exposure  Route 

Cancer 

Risk 

Hazard 

Index 

Future  Child  Playing 

Ingestion  of  Sedinient 

5x10® 

0.0001 

Ingestion  of  Surface  Water 

NA 

0.00007 

Dermal  Contact  with  Surface  Water 

NA 

0.00007 

Total  for  Child  Playing 

5x10® 

0.0002 

No«m: 


NA  =  not  applicabi*  -  no  carcinoganic  compounds  of  potential  concern 
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Table  9-19 

Comparison  of  Groundwater  to  Standards  • 
Units;  #/g/i 

Oleum  Plant  and  Oleum  Plant  Pond/Ballistics  Pond 
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PAL  =  Preventive  Action  Umit 

TT  -  Treatment  technique  requirement  in  effect 

Copper  action  level  =  1,300  v9/(i  Lead  action  level  -  15/yg/l 


Table  9-20 

Ecological  Contaminants  of  Concern*  - 
Oleum  Plant  and  Oleum  Plant  Pono 


remeoul  Investigation 
Badger  Army  Ammunition  Plant 


Compound 

Frequency 

Exposure  Point  Concentration* 

Surface  Soil‘d 

NIT 

3:3 

3.46 

S04 

3:9 

8,500 

Sediment^ 

NIT 

4:4 

0 

S04 

4:4 

590 

Notaa: 

‘  Cofl$titu«nts  Mlected  based  on  cnteria  presented  in  Tables  0-21  and  0-22  and  discussed  in  Section  S.O. 

'  9Sth  percentile  or  maximum:  units  in  pg/g. 

‘  Assessment  of  surface  soil  contamination  (0  to  2  feet)  was  performed  using  samples  from  borings  OPB-91-01  and 

OPB-91-06  through  OPB-91-13. 

•  Assessment  of  sediment  contamination  was  performed  using  samples  OPS-91-01  through  OPS-91-04. 
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Table  9-21 

Ecological  CoirrAMiNANTS  of  Concern*  - 
Balusdcs  Pond 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Compound 

Freqikncy 

Exposure  Point  Concentration* 

Suifece  Watei^ 

AL 

2:2 

i«) 

BA 

2:2 

36.7 

CL 

5.5 

4,050 

FE 

2:2 

315 

MN 

2:2 

79.1 

NIT 

3:5 

51.4 

S04 

5:5 

15,000 

V 

1:2 

5.23 

ZN 

2:2 

67.9 

Sediment‘d 

AL 

6:6 

58,000 

B2EHP 

2:6 

6.1 

NH3 

5:6 

215 

NIT 

1:6 

5.16 

PB 

6:6 

54 

PHANTR 

1:6 

0.428 

S04 

6:6 

490 

ConstittMnts  salactad  baMd  on  critaria  prasantad  in  Tablas  Q-23  and  0-24  and  discussed  in  Section  5.0. 
95tti  parcantila  or  maximum;  units  in  pg/f  (surface  water)  and  pg/g  (sediment). 

Assessment  of  surface  water  contamination  was  performed  using  samples  BPW-91-01  and  BPW-91-02. 
Assessment  of  sediment  contamination  was  performed  using  samples  BPS-91-01  through  BPS-91-06. 
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TABUE9-22 

Risk  Evaluation  for  Aquatic  Receptors 
Oleum  Plant  Pono 

Remedial  Investigation 
Badger  Armv  Ammunition  Plant 


Compound 

Exposure  Point 
Concentration* 

RTV* 

Hazard  Quotient* 

Sediment 

NIT 

50 

545 

0.09 

S04 

590 

NA 

-- 

Notm; 

*  Analyticai  results  presented  tn  Tables  Q-21  and  Q-22. 

'  Reference  Toxicity  Value  (RTV)  derived  from  available  quality  cnteria  and  effects  threshold  levels  as  presented  in  Table  03. 

‘  Calculated  by  dividing  the  exposure  point  concentration  by  the  RTV;  values  in  excess  of  1.0E  +  00  indicate  that  the 

protective  RTV  was  exceeded  by  environmental  concentrations. 

NA  ^  none  available. 
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Table  »-23 

Summary  of  Risk  Evaluation  for  Terrestrial  Receptors 
CXfUM  Plant 


Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Hazard  Indices* 

Receptor 

Acute  Rist^ 

Chronic  Risk* 

Short-tailed  shrew 

1.2E  +  00 

1.2E  +  01 

Eastern  meadowlark 

7.6E-02 

7.0E-01 

Garter  snake 

5.6E-02 

5.2E-01 

Red  fox 

2.2E-02 

4.0E-03 

Red-tailed  hawk 

6.0E-02 

5.6E-03 

Notes:  ^ 

*  Sum  of  the  individual  Ha2ard  Quotients  for  each  surface  soil  contaminant  of  concern;  each  HQ  calculated  by  dividing  the  estimated  exposure  cc;- 

by  the  Reference  Toxicity  Value  (RTV).  Ha2ard  Quotients  are  presented  in  Appendix  R.  Tables  R-S7  and  R-58  for  acute  and  chronic  exposur 
respectively. 

‘  Based  on  comparison  to  acute  RTVs. 

‘  Based  on  comparison  to  chronic  RTVs.  t 


I 


» 
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Table  9-24 

Risk  Evaluation  fob  Aquatic  Receptors 
Ballistics  Pond 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Compound 

Exposure  Point  Concentration* 

RTV 

Hazard  Quotient^ 

Surface  Water 

AL 

180 

748 

0.24 

BA 

36.7 

1,360 

0.027 

CL 

4,050 

230,000 

0.043 

FE 

315 

1,000 

.315 

MN 

79.1 

100 

0.79 

NIT 

51.4 

5,000 

0.01 

S04 

15,000 

1,060,000 

0.014 

V 

5.23 

200 

0.026 

ZN 

67.9 

49.59 

1.4 

Sediment 

AL 

58.000 

NA 

- 

B2EHP 

6.1 

NA 

- 

NH3 

215 

75 

2.9 

NIT 

5.16 

.  545 

0.0095 

PB 

54 

50 

1.1 

PHANTR 

0.428 

1,390 

0.00031 

S04 

490 

NA 

- 

lotM: 


Analytical  results  presented  in  Tables  Q-23  and  0-24. 

Reference  Toxicity  Value  (RTV)  derived  from  available  quality  criteria  and  effects  threshold  levels  as  presented  in  Table  Q-3. 

Calculated  by  dividing  the  exposure  point  concentration  by  the  RTV;  values  in  excess  of  1.0E+00  indicate  that  the  protective  RTV  was  exceeded  by 
environmental  concentrations 

A  =  none  available. 
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RAILROAD  TRACKS 


EXTENT  Of  BALLISTCS  POND  (1991) 


© 


1949  POND  BOUNDARY 


NOTE: 

1.  BASE  MAP  FROM  300-SCALE  SITE  TOPOGRAPHIC 
PLAN  PROVIDED  BY  OLIN  CORPORATION. 


Drainage  from 
Baraboo  HHls 


SCALE  IN  FEET 


/  /  FIGURE  9-3 

V  DETAILED  SITE  PLAN 
BALLISTICS  POND 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 

. . . A6B  Environmertai  Services,  me.- 
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RAILROAD  TRACKS 


EXTENT  OF  BALLISTCS  POND  (1991) 


© 


1949  POM)  BOUNDARY 

X  DESIGNATION  AND  LOCATION  OF 

T"  MONITOHWG  WELLS 

SURFACE  WATER  SAMPLING  LOCATIONS 

A  SEDIMENT  SAMPLING  LOCATIONS 

NOTES: 

1.  BASE  MAP  FROM  300-SCALE  SITE  TOPOGRAPHC 
PLAN  PROVIDED  BY  OLM  CORPORATION. 

Z  SURFACE  WATER  AND  SEOWCNT  LOCATIONS 
BASED  ON  A8B-ES  FELD  LOCATIONS 


Drainage  Irom 
Baraboo  Hills 


8PS-9t-01  A^BPW-BI-Ol 

A  V 


BALUSTICS  POND 


BPS41-02 


BPS-91-03  ABPW-9T 

Jim  A  I 

BPW'9<M>2  ■ 
BPS-91-05  A 


A  \ 

BPW-90-031 


A 

BPS-91-04 


(Off  Plan) 


^BPW-I 


SCALE  IN  FEET 


92000920  12 


^  A\  f  FIGURE  9-5 

SURFACE  WATER  AND  SEDIMENT  SAMPLES 

BALLISTICS  POND 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
■■■  ■  ABB  Environmental  Services,  Inc.- 


<P  (0  Q  Z  H  u 

®  5  S  o  5  - 

ujOOp<  s 
tt  P  ^  <  5:  a 
30(00^  I 
o  juopz 
E  w  I-  Si  2  « 
(0  0)  ui  E  s 

«  J>Z  i 
O  _|  Z  3  c 
tc  <  ”  5  2 

u  m  d  i  g 

g  5  <  m 
< 


^  Q  Ul  c 

ozc< 


UJ  o 

O  K 


o  z 
z  < 

la 

<1 

zy 

DC  . 

< 


tc 

UJ 

o 

a 

< 

OQ 


I 


» 


» 


I 


» 


» 


» 


I 


I 


elcvahon  M  PKT  (mg 


K 


mH 


•ooH 


TTi-* 


SCALE  IN  FEET 


s 


I  OmVEL 

l(aF4H» 


laMA 


WEU  DESIGNATION 

GROUND  SURFACE 

80AS  DESCRIPTION  AND 
uses  CtASSFICATION 

WATER  TABLE  ELEVATION 

SCREENED  MTERVAL 


0  1000  aooo 

VERTICAL  EXAOGERATON  1:40 


BOTTOM  OF  EXPLORATION 


OF  AVAILABLE  SUBSURFACE  DATA.  ACTUAL 
CONDITIONS  BETWEEN  EXPLORATIONS  MAY 
VARY  FROM  THOSE  SHOWN. 

3.  WATER  LEVELS  MEASURED  IN  WATER  TABLE 
WELLS  ON  t2ria«1. 


GEOLCXSIC  CROSS  S 
OLEUM  PLANT,  OLEUM  PLANT  POND  AND  BALLI 

REMEDIAL  INVI 
BADGER  ARMY  AMMUNI 

- ABB  Environment 


I0FK£8  ARE  BASED  ON  AN  INTERPRETATK3N 
>  AVAILABLE  SUBSURFACE  DATA.  ACTUAL 
MOmONS  BETWEEN  EXPLORATIONS  MAY 
AY  FROM  THOSE  SHOWN. 

LTER  LEVELS  MEASURED  IN  WATER  TABLE 
ELLSONI^IMI. 


FIGURE  9-7 
GEOLOGIC  CROSS  SECTION  K-K' 
OLEUM  PLANT,  OLEUM  PLANT  POND  AND  BALLISTICS  POND 
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Table  10-1 

History  of  Acid  am)  Fuel  Oh.  Spills  - 
Old  Acid  Area/Olo  Fuel  Oil  Tank  Area 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Spill  Date 

Cause 

Material 

Amount 

Control 

1970-72 

Tank  leakage 

Acid 

25  tons 

Unknown 

10/82 

Tank  leakage 

Sulfuric  acid 

6.5  tons 

Diked,  neutralized 

5/91 

Pipeline  Rupture 

No.  2  Fuel  ON 

5,000  gallons 

Groundwater, 

pumping 

? 

Tank  leakage/ 
Overflow 

Fuel  ON 

unknown 

None 

Sourea:  Tsai  at  al.,  1988. 
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lABLE  10-2 

Summary  of  the  Remedial  Investigation  Field  Program 
Old  Acid  Area/Olo  Fuel  Oil  Tank  Area 
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Table  io-4 

Summary  of  Monitoring  Weus  Installed  - 
Old  Acid  Area/Olo  Fuel  Oil  Tank  Area 
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Table  lO-S 

Wells  Included  in  Groundwater  Sampung  Program  - 
CXd  Acid  Area/Old  Fuel  Oil  Tank  Area 


Remedial  Investigation 
Badger  Armv  Ammunition  Plant 


Sites 

New  Wells 

Existing  Wells 

Old  Acid  Area 

0AM-8&01 

S1 126 

OAM-89^2 

OAM-91-01 

Subtotal 

3 

1 

Old  Fuel  Oil  Tank 

FTM-89-01 

Subtotal 

1 

0 

TOTAL  WELLS 

4 

1 

W0039213T.10/6 
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2  m  3 

oq 

S  a  o 

25 
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i  »  fi.  a 
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NAM  ■  nitroMminet  by  QC 

DNT  •  2.4-  and  2.B-dinitro(oluena  by  HPLC 

HPLC  -  High  Parlormance  Liquid  Chromalrography 


Table  10-8 

Field  Hydrauuc  Conductivity  Test  Results 
Old  Acid  Area/Old  Fuel  Oil  Tank  Area 


Remedial  Investisation 
Badger  Army  Ammunition  Plant 


WELL 

Maximum  Water 
Level  Depression 

Hydraulic 

Conductivity 

Geologic 

Designation 

(Feet) 

(cm/sec) 

Conditions 

OAM-89-01 

3.1 

2x10^ 

Medium  to  fine  sand  (SP) 

FTM-89-01 

3.6 

3x10^ 

Medium  to  fine  sand  (SP) 

Not**; 

Hydraulic  Conductivity  Tests  completed  during  March  and  November.  1989,  and  November  and  December  1991. 

Field  data  and  calculations  are  presented  in  Appendix  I. 

Values  for  hydraulic  conductivities  represent  an  averaged  value  of  multiple  tests  performed  on  each  wall. 

Water  level  recovery  at  these  wells  impacted  by  inertial  effects,  resulting  in  water  level  recovery  above  static  water  levels.  Hydraulic 
conductivity  measurements  may  be  greater  than  the  calculated  values  at  these  wells. 

cm/sec  =  centimeters  per  second 
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TABLE  10-9  Page  I  uf  5 

SUMMARY  OF  SUBSURFACE  SOILCHEMICALDATA- 
OLD  ACID  AREA/  OLD  FUEL  OIL  TANK  AREA 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 


TABLE  10-9 

SUMMARY  OF  SUBSURFACE  SOIL  DiEMICAL  DATA- 
OLD  ACID  AREA/  OLD  FUEL  OIL  TANK 
REMEDIAL  INVEynOATION 
BADGER  ARMY  AMMUNITION  PLANT 
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TABl-K  10-  10  P***  1  > 

SUMMARY  OF  GROUNDWAn-;R  CHEMICAL DATA- 
OLD  ACID  AREA/  OLD  FUEL  OIL  TANK  AREA 
REMEDIAL  INVESTIGATION 
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TABLE  10-10 

SUMMARY  OF  OROUNDWATER  CHEMICAL  DATA- 
OLD  AQD  AREA/  OLD  FUEL  OIL  TANK 
REMEDIAL  INVESHGATION 
BADGER  ARMY  AMMUNITION  PLANT 
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Table  10-11 

Compounds  of  Potential  Concern 
Old  Acid  Area 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Compounds  of 
Potential 
Concern 

Exposure  Point  Concentration 

Surface  Soil' 

(pg/9) 

Surface  through 
Subsurface  Soil^ 

(pg/g) 

ACET 

-- 

0.008 

CR 

20.5 

20.5 

Nl 

56.9 

56.9 

NIT 

5.61 

8.28 

PB 

1,500 

1,500 

S04 

20,000 

20,000 

NotM: 


-  =  Not  identified  as  a  compound  of  potential  concern 

Exposure  point  concentration  is  the  maximum  detected  concentration 
fjQjQ  =  micrograms  per  gram;  equivalent  to  parts  per  million  (ppm) 

'  Assessment  of  surface  soil  contamination  (0  to  2  feet)  was  performed  using  samples  from  borings  OAB'91-01  through 

OAB-91-13. 

^  Assessment  of  subsurface  soil  contamination  (0  to  12  feet)  was  performed  using  samples  from  borings  OAB-91-01  through 

OAB-9M3. 
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Table  10-12 

Summary  of  Risk  Estimates 
Olo  Agio  Area 


Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Exposure  Scenario 

Exposure  Route 

Cancer 

Risk 

Hazard 

Index 

Current  and  Future  Grounds 
Maintenance  Worker 

Soil  Ingestion 

ND 

0.0003 

Inhalation  of  Particulates 

liQ 

ND 

Total  for  Grounds  Maintenance 
Worker 

ND 

0.0003 

Future  Residential 

Soil  Ingestion 

ND 

0.04 

Future  Construction  Worker 

Soil  Ingestion 

ND 

0.01 

Inhalation  of  Particulates 

2x1 0’^ 

ND 

Total  for  Construction  Worker 

2x10® 

0.01 

Not**: 

ND  =  not  determined  -  no  toxicu/  factors  available  for  compounds  of  potential  concern 
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Table  io-13 

Compounds  of  Potential  Concern 
CXo  Fuel  Oil  Tank  Area 


» 


Remedial  Investigation 
Badger  Army  Ammunition  Plant 


ColiVOUNDS  OF  Potential 
Concern 

Exposure  Point  Concentration 

Subsurface  Soil' 

(pg/9) 

2MNAP 

1.07 

ANAPNE 

0.077 

B2EHP 

1.8 

BAANTR 

0.122 

BGHIPY 

0.396 

CHRY 

0.113 

ONBP 

2.1 

PANT 

0.037 

FLRENE 

0.16 

PHANTR 

0.194 

Notm: 


Exposure  point  concentration  is  the  maximum  detected  concentration 

p9/g  =  micrograms  per  gram;  equivalent  to  parts  per  million  (ppm) 

'  Assessment  of  subsurface  soil  contamination  (2  to  12  feet)  was  performed  using  samples  from  FTB-91  -01  and  FTB-91  -02. 


» 


» 


» 


I 


I 


I 
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Table  10-14 

Summary  of  Risk  Estimates 
Old  Fuel  Oil  Tank  Area 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Exposure  Scenario 

Exposure  Route 

Cancer 

Risk 

Hazard 

Index 

Future  Construction  Worker 

Sou  Ingestion 

9x10® 

0.001 

inhalation  of  Particulates 

5x10" 

ND 

Total  for  Construction  Worker 

9x10® 

0.001 

NoMa: 

NO  =  not  determined  -  no  toxicity  factors  available  for  compounds  of  potential  concern. 
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Table  10-15 

Comparison  of  Groundwater  to  Standards 
Units:  //g/l 

Old  Acid  Area/Old  Fuel  Oil  Tank  Area 
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Table  10-16 

Ecological  Contaminants  of  Concern* 
Old  Acid  Area 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Compound 

Frequency 

Exposure  Point  Concentration* 

Surface  SoS 

Nl 

3:3 

56.9 

NIT 

13:23 

1.79 

PB 

3:3 

1,500 

S04 

16:23 

18,000 

NotM: 

*  Constitutants  selected  based  on  criteria  presented  in  Table  0-25  and  discussed  in  Section  5.0. 

'  95tti  percentile  or  ntaximum;  units  in  /rg/g. 

Assessment  of  surface  soil  contamination  (0  to  2  feet)  was  performed  using  samples  from  borings  OAB-91-01  through 
OAB-91-13. 
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Table  10-17 

Summary  of  Risk  Evaluation  for  Terrestrial  Receptors 
Old  Acid  Area 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Hazard  Indices* 

Receptor 

Acute  Risk^ 

Chronic  Risk* 

Short-tailed  shrew 

2.8Ef-03 

5.7E  +  04 

Eastern  meadowlark 

6.3E+01 

1.8E  +  02 

Garter  snake 

1.4E+02 

2.8E  +  03 

Red  fox 

3.1E+00 

1.3E  +  00 

Red-tailed  hawk 

9.8E+00 

2.0E  +  00 

NotM; 


Sum  of  th«  individual  Ha2ard  Quotiants  for  each  surface  soil  contaminant  of  concern;  each  HQ  calculated  by  dividing  the 
estimated  exposure  dosage  by  the  Reference  Toxicity  Value  (RTV).  Hazard  Quotiants  are  presented  in  Appendix  R. 
Tables  R-59  and  R^  for  acute  and  chronic  exposures,  respectiveiy. 

Based  on  comparison  to  acuta  RTVs. 

Based  on  comparison  to  chronic  RTVs. 
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LEGEND 

O  STORAGE  TANKS 


NOTE: 

1.  BASE  MAP  FROM  300  SCALE  SfTE 
TOPOGRAPHIC  PLAN  PROVCEO 
BY  OLM  CORPORATION. 
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SITE  LOCATION  PLAN 
OLD  ACID  AREA  AND  OLD  FUEL  OIL  TANK  AREA 

REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
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ORIENTATION  OF  GEOLOGIC  CROSS  SECTION  N-N' 
OLD  ACID  AREA  AND  OLD  FUEL  OIL  TANK  AREA 

REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 

ABB  Environmental  Services,  Inc. 
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Summary  of  the  Remedial  Investigation  Field  Program 
Off-Post  Area  South  of  BAAP 
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Table  1 1-2 

Summary  of  Monitoring  Wells  Instaued  • 
Off-Post  Area  South  of  BAAP 
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Table  ii-2 

Summary  of  Monitoring  Wells  Installed  - 
Off-Post  Area  South  of  BAAP 
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Table  11-2 

Summary  of  Monitoring  Weus  Installed 
Off-Post  Area  South  of  BAAP 


1 1 

o  ^ 

•S 1  « 

1  =  1 

5  «  9 


I  I®  1“ 

5  -g  TS  I 
8  gis^N 

Q  ^  TS  X 


IL  ttj 

fid 


Iff  pi 

1  ?  ^  CO  u  o 

I* 

o 


8l  2  S  >«  O 

a  c  III  &  S 

n  O  ^  ^  <M 

z  2 

c  5  §  oQ  u  o 


0  0)0) 
_  C  C  C 

fi  <0  <0  M 

I  s  s  s 
I  III 

5g  T3  TD  -a 

I  IP 

o  S  S 
a  a  o 


CO 

to 

9  o  Q 

99^ 


0 


Table  ii-3 

Wells  Included  in  Groumiwater  Sampung  Program  - 
Off>Post  Area  South  of  BAAP 


Remeduu.  Investigation 
Badger  Army  Aibmunition  Plant 


Sites 

NEW  Wells 

Existing 

WELLS 

Residential 

Wells 

Off-Post  Area  South  of  BAAP 

PBM-gO-OlD 

PBM-g0-02D 

PBM-90-03D 

PBN-90-04B,D 

PBN'91-01C 

PBN-91-02B.C 

PBN'91-03B.C 

SWN-91-01B,C.0 

SWN-91-02C.D 

SWN-91-03B,C.D.E 

SWN-91-04C.D 

SWN-91-05B.C.D 

None 

Graf 

Premo 

Shaefer 

Spear 

TOTAL  WELLS 

24 

0 

4 

Noto*: 

B.C.D.E  •  Shallowast  to  dMpMt:  B  indicatas  shallowest;  E  indicaies  deepest  well  in  a  well  nest. 
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TABLE 11-< 

CHBMCAL  ANALYSES  PERFORMS}  ON  BROUNOWATER  SAMPLES  - 
OFF-POST  AREA  SOUTH  OP  BAAfYPRIVATE  WBXS 
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Tabu  ii-s 

Field  Hvoraulic  CoMxxmvtTy  Test  Results  - 
Off-Post  Area  South  of  BAAP 


Remeouu.  Investigation 
Badger  Army  Ammunition  Plant 


WELL 

Designation 

Maximum  Water 
Level  DmEssKM 

(FEET) 

Hydraulic 

Conductivity 

(cm/sec) 

Geologic  Conditions 

SWN-91-03B 

5.8 

2.6X10^  • 

Coarse  sand  and  gravel 
(SP-GP) 

SWN-91-03C 

8.0 

1.8x10  ^  * 

Medium  to  coarse  sand 
(SP) 

SWN-91-030 

4.9 

1.5x10'^“ 

Coarse  sand  (SP) 

SWN-91-03E 

7.8 

1.0x10^ 

Sandstone  and  dolomite 
bedrock 

NotM; 

Field  data  and  calculations  are  presented  in  Appendix  1.  Hydraulic  conductivities  ware  calculated  using  the  HVORSLEV 
method. 

Hydraulic  Conductivity  Tests  were  completed  during  March  and  November.  1969.  and  November  and  December  1991. 

Values  for  hydraulic  conductivities  represent  an  averaged  value  of  multipla  tests  performed  on  each  well. 

^  IMNar  level  recovery  at  this  well  was  impacted  by  inertial  effects,  resulting  in  water  level  recovery  above  static  water  levels 

Hydraulic  conductivity  measurements  may  be  greater  than  the  calculaM  values  at  this  well. 

cm/sec  =  centimeters  per  second 
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TABLE  11-6  P«|e2o(6 

SUMMARY  OF  GROUNDWATER  CHEMICAL  DATA- 
OFF-FOST  AREA  SOUTH  OF  BAAP 
REMEDIAL  INVESTIGATION 


TABLE  1 1 -6  Pa(e3or6 

SUMMARY  OF  GROUNDW  ATEB  CHEMICAL  DATA - 
OFF-  POST  AREA  SOUTH  OF  BAAP 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 


TABLE  11-6  P»*e<o*6 

SUMMARY  OF  GROUNDWATER  CHEMICAL  DAI  A- 
OFF-POST  AREA  SOUTH  OF  BAAP 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PI-ANT 


TABLE  II-6  P»g«6of6 

SUMMARY  OF  GROUNDWAITR  CHEMICAL  DAlA- 
OFF-  POST  AREA  SOUTH  OF  BAAP 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 


TADLE  11-6 

SUMMARY  OF  GROUNDWATER  CHEMICAL  DATA- 
OFF-POST  AREA  SOUTH  OF  BAAP 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMl/NiHON  PLANT 
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TABLE  11-7  Page  toll 

SUMMARY  OF  GROUNDWATER  CHEMICAL  DATA- 

privaie  wells 

REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 


REMEDIAL  INVECTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
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Table  il-9 

Estimate  of  Distance  Traveled  by  CCL4  in  Groundwater  - 
OFF-PosT  Area  South  of  BAAP 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Vc  =  V/I1+K,(b/n)]  = 

Assume;  Fraction  of  organic  carbon  (fo^)  =  0.003 
Soy  density  (b)  =  2  g/mi 
SoO  porosity  (n)  =  0.3 

A  weighted-average  groundwater  flow  velocity  (V)  along  a  flow 
line  from  the  Propellant  Burning  Ground  to  the  Wisconsin  River: 

V  =  (0.55)*(330  ft/yr)  +  (0.45)*(440  ft/yr) 

=  440  ft/yr 


voc 

Contaminant 

Velocity 

V,.  (Ft/Yr.) 

Partition 

Coefficient 

K,.  (mi/g) 

Years 

Distance 

Traveled 

(Ft.) 

CCL4 

137.5 

0.33 

110 

50 

6.875 

The  approximate  minimum  distance  that  TRCLE  has  been  transported  in  groundwater  is  13,000  ft.,  in  approximately  26  years 
The  velocity  of  TRCLE  (V^)  in  groundwater  is: 

V,  =  13.000  ft/26  yrs. 

=  500  ft/yr  (slightly  greater  than  groundwater  flow  rate) 

^  ^ssume  CCL4  moves  at  rate  of  groundwater  flow  (440  ft/yr): 

Estimated  distance  CCL4  has  traveled  =  (440  ft/yr)  *(50  yrs) 

=  22,000  feet 
or  4.2  miles 
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Table  ii-io 

Comparison  of  Groundwater  to  Standards 
Units:  ^q/| 

Off-Post  Area  South  of  BAAP 


Notes;  ES  =  Enforcement  Standard 

PAL  =  Preventive  Action  Limit 

(a)  Secondary  drinking  water  standard,  suggested  level.  TT  =  Treatment  technique  requirement  in  effect 

|b)  Reporting  level.  Monitoring  is  required  and  data  is  reported  to  health  Copper  action  level  -  1.300 /vg/( 

officials  to  protect  individuals  on  restricted  sodium  diet.  Lead  action  level  =  15  jug/t 
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VEraCHER  SURVEY  DATA  (APPENDIX  F). 


SCALE  IN  FEET 


92000950  DC 


PraIrtoduSae , 


Prairie  du  Sac  FIGURE  11-1 

SITE  LOCATION  PLAN  AND 
MONITORING  WELL  LOCATIONS 
OFF-POST  AREA  SOUTH  OF  BAAP 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
- ABB  Environmental  Services.  Inc  - 
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LOCATION  AND  ORIENTATION  OF 
GEOLOGIC  CROSS  SECTIONS 
OFF-POST  AREA  SOUTH  OF  BAAP 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 

- ABB  Environmental  Services,  Inc.' 


ND  WITH  GRAVEL 


SAND  AND  GRAVEL  (SP-GP) 


K«2E-2 


IDOtOIGTE 
SANDSTONE  fL 

bedrock  @K«1E-3 


ootoMrro 

bedrock 


•  refer 


SAND<SP) 


NOTES: 


i-e.001ft/Hi 


SAND  AND 
GRAVEL 
(SP-GP) 


i-0Ae4n/ni 


1.  SEE  HGUREll-a  FOR  LOCATION  AND  ORENTAHON  OF  PROFILES. 

2.  PROFIIES  ARE  BASED  ON  AN  INTERPRETATION  OF  AVAiLABlE 
SUBSURFACE  DATA.  ACTUAL  CONDITIONS  BETWKN 
EXPLORATIONS  MAY  VARY  FROM  THOSE  SHOWN. 

3.  ON  MULTIPLE  WEU  NESTS,  GRAOCNTS  ARE  USTED  IN  ORDER  OF 
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ARE  LISTED. 
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FIGURE  11-4 
GEOLOGIC  CROSS  SECTION  0-0' 
OFF-POST  AREA  SOUTH  OF  BAAP 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
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NOTES: 

1.  SEE  FIGURE  11-3  FOR  UXATION  AND 
ORIENTATION  OF  PROFILES. 

^  PROFILES  ARE  BASED  ON  AN  INTERPRETATION 
OF  AVAILABLE  SUBSURFACE  DATA.  ACTUAL 
CONDITIONS  BETWEEN  EXPLORATIONS  MAY 
VARY  FROM  THOSE  SHOWN. 

3.  WATER  LEVELS  MEASURED  IN  WATER  TABLE 
WELLS  ON  12/15G1. 
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FIGURE  11-5 
GEOLOGIC  CROSS  SECTION  P-F 
OFF-POST  AREA  SOUTH  OF  BAAP 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
- Environniental  Services,  Irw." 
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NOTES: 

1.  SEE  RQURE  11-3  FOR  UX^ATION  AND 
ORIENTATION  OF  PROFILES. 

^  PROFILES  ARE  BASED  ON  AN  INTERPRETATION 
OF  AVAILABLE  SUBSURFACE  DATA.  ACTUAL 
CONDITIONS  BETWEEN  EXPLORATIONS  MAY 
VARY  FROM  THOSE  SHOWN. 

3.  WATER  LEVELS  MEASURED  IN  WATER  TABLE 
WELLS  ON  12/15191. 
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FIGURE  11-6 
GEOLOGIC  CROSS  SECTION  Q-Q* 
OFF-POST  AREA  SOUTH  OF  BAAP 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 
— - ABB  Enviromrwmal  Services,  Inc- 
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NOTES: 

1.  BASE  PLAN  PREPARED 
FROM  uses  15.5  MINUTE 
SERIES  TOPOGRAPHIC 

MAPS 

2.  ALL  WATER  LEVELS  WERE 
MEASURED  ON  12'15/1991 

3.  WATER  ELEVATION 
CONTOURS  ARE  BASED 
ON  WATER  TABLE  AND  OR 
B  SERIES  MONITORING 
WELLS. 

4.  GROUNDWATER 
ELEVATIONS  AND 
CONTOURS  BASED  ON  U  S 
COASTAL  AND  GEODETIC 
SURVEY  DATUM 
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FIGURE  11-7 

INTERPRETIVE  WATER  TABLE  CONTOUR  PLAN 
OFF-POST  AREA  SOUTH  OF  BAAP 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 

- ABB  Environrreniai  Services.  Itc  — 
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DISTRIBUTION  OF  CHCL3,  CCL4, 
AND  TRCLE  IN  GROUNDWATER 
OFF-POST  AREA  SOUTH  OF  BAAP 
REMEDIAL  INVESTIGATION 
BADGER  ARMY  AMMUNITION  PLANT 

- ABB  Environmental  Services,  Inc.- 
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FIGURE  11-9 

INTERPRETIVE  PLAN  VIEW  OF  VOC  PLUME 
PROPELLANT  BURNING  GROUND, 
SETTUNG  PONDS,  SPOILS  DISPOSAL  AREA 
AND  OFF-POST  AREA  SOUTH  OF  BAAP 
5,  REMEDIAL  INVESTIGATION 

2000  BADGER  ARMY  AMMUNITION  PLANT 

ABB  Environmental  Services,  Inc.. 
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Ti^LE  12-1 


Summary  of  Areas  for  which 
Remedial  Action  Objectives’  are  Recommended 

Remedial  Investigation 
Badger  Army  Ammunition  Plant 


Area 

Medium 

(Receptor) 

Compounds 

Propellant  Burning  Ground 

Surface  Soil 
(HumanI 

PB 

Surface  Soil 
(Ecological) 

PB^  CU^  HG^  SE^ 
ZN^ 

Subsurface  Soil 
(Human) 

PB,  24DNT 

Final  Creek 

Surface  Soil 
(Ecological) 

PB^  SN.  24DNT, 

S04.  DPA 

Settling  Pond  1 

Surface  Soil 
(Ecological) 

PB^  SN,  24DNT, 

S04,  DEP 

Settling  Pond  2 

Surface  Soil 
(Ecological) 

PB^  SN,  DEP 

Settling  Pond  3 

Surface  Soil 
(Ecological) 

PB^  SN 

Settling  Pond  4 

Surface  Soil 
(Ecological) 

PB^  SN,  AL' 

Spoils  Disposal  Area  1 

Surface  soil 
(Ecological) 

PB^  DPA,  SN,  NG, 
ZN^ 

Spoils  Disposal  Area  2 

Surface  Soil 
(Ecological) 

PB^  SN,  ZN^ 

Spoils  Disposal  Area  3 

Surface  Soil 
(Ecological) 

PB^  SN,  ZN^ 

Spoils  Disposal  Area  4 

Surface  Soil 
(Ecological) 

PB^  SN^  ZN‘ 

Spoils  Disposal  Area  5 

Surface  Soil 
(Ecological) 

PB^  SN^  ZN' 

Propellant  Burning  Ground /Settling 

Ponds 

Groundwater 

(Human) 

26DNT,  CHCL3,  BE, 
CCL4.  TRCLE, 

NNDPA 

Deterrent  Burning  Ground 

Subsurface  Soil 
(Human! 

24DNT 

Deterrent  Burning  Ground/Existing 
Landfill 

Groundwater 

(Human) 

26DNT,  BE,  112TCE 
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Table  12-1 

Summary  of  Areas  for  which 
Remedial  Action  Objectives’  are  Recommended 


Remedial  investigation 
Badger  Army  Ammunition  Plant 


Area 

Medium 

(Receptor) 

Compounds 

Nitroglycerine  Pond 

Surface  Soil 
(Human) 

PB 

Surface  Soil 
(Ecological) 

PB^  HG^  NG 

Sediment 

(Ecological) 

PB.  HG 

Surface  Water 
(Ecological) 

AL.  FE,  HG,  MN,  PB 

Rocket  Paste  Area 

Surface  Soil 
(Human) 

PB.NG 

Surface  Soil 

24DNT,  26DNT. 

(Ecological) 

NNDPA,  PB^  CR^ 
HG^  NG 

Sediment 

(Ecological) 

PB 

Surface  Water 

AL.  CR.  CU,  FE, 

(Ecological) 

MN.  PB.  ZN 

Off-Post  Wells  South  of  BAAP 

Groundwater 

(Human) 

CCL4 

Notes; 


The  aim  at  the  Remedial  Action  Cbiective  should  be  to  reduce  contact  with  or  concentrations  of  the  compounds  listed  for 
a  specific  media  at  a  site. 

Compounds  whose  risli-based  PRGs  are  within  naturally-occurring  mean  surface  soil  background  concentrations. 


>vf)03v2ijr.i;8i)\’ 


